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Advances in transgenic plants expressing Bacillus thuringiensis (Bt) 
insecticidal gene (s) have offered a promising alternative to traditional insecticides for 
control of lepidopteran pests on cole crops. A public-private partnership 
Collaboration on insect Management for Brassicas in Asia and Africa (CIMBAA), 
was formed in 2005 with goal of developing dual gene Bt cauliflower and cabbage for 
Asia and Africa to replace the use of broad spectrum traditional insecticides. There is 
a need to address its bio-safety issue before the dual -gene Bt plants are released to 
farmers in India. In this context, an experiment was conducted with following specific 
objectives; (i) to determine the present status of insect pests damaging cole crops, (ii) 
Collecting information on management practices adopted by farmers growing the cole 
crops, and also studying seasonal incidence and distribution pattern of major insect 
pests and their natural enemies specifically in insecticide free cauliflower fields, (iii) 
A comparative study on simulated ^/-transgenic cauliflower and current insect pest 
management practices and their impact on natural enemies, (iv) Studies on the 
performance of Cry lBa2 + Co"lCa4 dual-gene cauliflower and cabbage against 
diamondback moth (Plutella xylostella L.) and Tomato fruit borer {Helicoverpa 
armigera Hub.) under green house condition, (v) Evaluation of Cry 1 Ba2 toxin. Cry 
lCa4 toxin, Bt var. aizawai (Xentari) vis-a-vis common insecticides against 3^** instar 
of P. xylostella L. and (vi) to determine persistence and dissipation of commonly used 
insecticide on cauliflower. 
Field and laboratory experiments were conducted during 2006 to 2008 at 
Indian Agricultural Research Institute, New Delhi, and also adjacent farmer's field. 
The experiment site was situated at 28° 35' N latitude, 77° 12' E longitude and at an 
altitude of about 227 m above the mean sea level of Arabian sea. The climate was 
semi arid and sub-tropical type with extremes of weather conditions. Summers were 
hot and dry, May and June being hottest months with maximum temperature ranging 
from 41 "C to 45 °C. Winters were severe, with minimum temperature varying 
between 4 °C to 7 °C during January. The mean annual rainfall was around 740 mm, 
nearly 80% of which was received during July and September. The winter rains were 
also recorded but their intensity, precipitation and duration were uncertain. The mean 
wind speed varied from 0.7 to 16.1 km/hr during October to April. 
While determining the seasonal incidence of insect pest fauna, it was found 
that diamondback moth {Plutella xylostella L.) commonly known as DBM 
commenced it attack on cauliflower {Brassica oleracea var. botrytis) and cabbage 
{Botrytis oleracea var. capitata) during the seedling stage starting y^ week after 
sowing till second week of November. It multiplied and attained an average highest 
population during the first week of September. Thereafter, the population gradually 
decreased up to fourth week of February, after decrease in number, it again increased 
and reached to maximum in second week of March. This condition, having more 
population count, prevailed till the harvest. The population, nevertheless multiplied 
rapidly but repetitive spray with highly effective insecticides like indoxacarb and 
spinosad, usually in over doses, were applied by the farmers that had kept the 
population under check. 
Mustard aphid {Lipaphis erysimi Kalt.) commenced attack on cauliflower and 
cabbage during the second fortnight of November. It attained the highest population 
during fifth week of February and kept their presence on the crop till harvest. The 
appearance of leaf miner {Liriomyza trifolii Burg.) took place during the first week of 
October, multiplied slowly and reached to peak population during the third week of 
October and then disappeared gradually. 
The larvae of tobacco caterpillar {Spodoptera litura F.) appeared during the 
third week of November, coinciding with the curd formation stage. This species was 
considered to be a minor pest but having sporadic occurrence. Whiteflies (Bemisia 
(abaci Genn.) made their presence on plants during the fourth week of November and 
remained present up to first week of January. A low population of grasshoppers 
particularly Oxya velox (Fab.) was noted during the second and third week of January. 
The most common natural enemies of DBM and mustard aphid (viz., Cotesia 
plutellae, Syrphid maggots and Diaeretiella rapae) were however not recorded from 
the crop taken by the farmers during 2006 probably due to indiscriminate use of 
insecticides at frequent intervals, throughout the year. The coccinellid population was, 
nevertheless noticed at low intensity during second and third week of March. Spiders 
were also recorded in second and third week of November. 
During the year 2007-08; Spodoptera litura (Fab.), a sporadic pest, made its 
appearance from the first week of September, continued its activity till fourth week of 
November, nevertheless showing highest population in 3'^ '' week. During this period, 
most of the farmers initiated spraying of conventional insecticides, on a weekly basis, 
with high concentration in order to manage pest population. 
The activity of leaf webber {Crocidolomia binotalis Z.) was witnessed in the 
first and second week of September. The presence of whitefly {Bemisia (abaci Genn.) 
was noted much earlier, than recorded in previous year, during first and second week 
of October. Leaf miner (L. trifolii) infestation was also recorded during this period. 
On the other hand, cabbage butterfly {Pieris brassicae L.) larvae were seen in small 
numbers during first three weeks of April, reaching maximum at the later stage of 
crop growth. 
During 2007-08, DBM was once again recognized as a major pest causing 
substantial yield lose particularly on cauliflower and cabbage. When interviews with 
farmers in respect of frequency of pesticide application, were made, it was found that 
45.08% of the farming community made their decision only after seeing the 
appearance of pest on crops. However, around one third (39.73 %) of them followed a 
calendar schedule, whereas 15.18% decided on both. Most of the farmers (54.46%) 
obtained the knowledge on spray by their own experience and also through pesticide 
suppliers (25.00%). However, the advice received from extension (5.80%)) personals 
and other farmers (14.73%) was of less importance. An alarming situation was also 
brought to the notice that the application rate of pesticide varied from 850 g ai to 1150 
g ai/ha, at 7 to 15 days interval, making an average of 6 to 8 sprays in a season. 
Out of the total expenditure incurred upon raising the crop in a season, the 
farmers had spent about Rs. 6000 to 9000/ ha, contributing about 15 to 20 % as input 
cost on the insecticides only. 
On the basis of quantitative analysis, duration of availability and damage 
appraisal; the two insect species diamondback moth (Plutella xylostella L.) followed 
by mustard aphid (Liaphis erysimi Kalt.) were categorized as major pests of 
cauliflower and cabbage. The other insects namely Pieris brassicae (L.), Myzus 
persicae (Sulz.), Brevicoryne brassicae (L.), Spilosoma obliqua (Walk.), Spodoptera 
litura (Fab.) and Trichoplusia ni (Hub.) were designated as minor pests. The rest of 
insect pests found were considered as stray. The natural enemies recorded were 
identified as Cotesia plutellae (Kurd.), Coccinella septempunctata (L.), Coccinella 
transversalis (Fab.), Menochilus sexmaculata (Fab.), Hippodema varigata (Goaz.), 
Ischiodan scutallaris (Fab.) and Diaeretiella rapae (M'Intosh). 
While making a detailed study on the incidence of DBM, its larvae commenced 
attack on cauliflower during the 2"'' standard week of 2006-07. Subsequently, the 
larval population increased gradually reaching to peak during 11'^  standard week. The 
population again declined gradually. However, during 2007-08, the incidence was 
noticed from ll"^ standard week showing a gradual increase by the end of 14"^  
standard week. Intrestingly, the trend of population fluctuation on the crop during 
both years was almost similar, except the intensity of pest population, which was 
found comparatively low during 2007-08. 
The invasion of Lipaphis erysimi was seen from 1st standard week, reaching to 
peak on lO"' standard week and thereafter, its incidence declined gradually until 14th 
standard week. 
The Cabbage butterfly {Pieris brassicae) made its appearance at a low 
intensity on 7"^  standard week during 2006-07 and thereafter its population gradually 
increased, reaching maximum at maturity of the crop coinciding 11"^  standard week. 
Whereas, during 2007-08, the relative incidence of this species was recorded much 
below than previous year. 
With regard to natural enemies of DBM and aphids, the incidence of syrphid 
and coccinelHds was noted during the 5"' and 7"" standard weelcs, respectively, 
whereas, Cotesia plutellae showed its presence in the form of pupal cases (coccon) on 
8* standard week. Interestingly, syrphid maggots showed their highest population on 
8"^  standard week followed by a decreasing trend on 11"^  standard week. Similar was 
the trend recorded with respect to population fluctuation of coccinellid and Cotesia 
plutellae. 
As for as the impact of weather parameters on the population dynamics and 
incidence of various insect pests and natural enemies was concerned, it was found that 
no individual weather parameter could leave an impact to influence pest incidence 
and natural enemies, therefore multiple regression analysis was employed to 
understand the combined effect of all parameters or combination of more than one 
parameter. During the crop season 2006-07; maximum temperature, minimum 
temperature, relative humidity, wind speed, sunshine and rainfall together produced 
75.7% (R^ =0.757) variation in DBM larval population, whereas the same parameters 
together explained only 45.7% (R^=0.457) of variation in population during 2007-08. 
However, the minimum temperature showed significant and positive effect (based on 
^-value) during 2006-07, whereas wind speed exhibited a significant and positive 
influence on the population recorded in cropping season of 2007-08. 
The impact of weather parameters was also worked out for aphid's activity. 
The parameters viz., maximum temperature, minimum temperature, relative humidity, 
wind speed, sunshine and rainfall collectively caused 89 % (R^ =89.70) of variation in 
population during 2007-08. However, of all the parameters, rainfall and wind speed 
exhibited significant and positive influence. While taking observations on cabbage 
butterfly (P. brassicae), it was seen that minimum temperature exerted a significant 
effect on the incidence of this species during both the years. All the weather 
parameters collecfively explained 80.9% (R^ =0.809) and 80.4 % (R ' = 0.804) of 
variation in its population during in 2006-07 and 2007-08, respectively. 
Similarly, when observations were confined to natural enemies, irrespective of 
weather parameters, wind speed significantly influenced the incidence of coccinellids 
population in 2006-07. On the other hand, during successive crop season the relative 
humidity coupled with wind speed significantly influenced the activity of coccinellid 
population. In contrast, during 2006-07, none of the weather parameters could leave 
any significant effect on syrphid population but in 2006-07, rainfall significantly 
influenced its incidence. The minimum temperature however produced a significant 
impact on the dynamics of Cotesia plutellae, during 2006-07. 
When an attempt was made to evaluate the distribution pattern of major insect 
pests and their natural enemies on cauliflower, the variance to mean ratio showed 
more than one on all the weeks of observations for both the years. This condition was 
an indication of aggregated distribution pattern for DBM population. However, the 
increase in K value produced a gradual fall in the aggregate nature of population 
distribution. The other indices like David and Moore's index, Lexis index values and 
Charlier coefficient were also computed. It was found that aggregated condition was 
moving towards regular distribution values, indicating the trend inclined towards 
regular distribution. 
Similarly, the distribution values for L. erysimi were calculated. The variance 
to mean ratio for all the weeks was found more than one, thus indicating aggregated 
distribution, David and Moore's index. Lexis index, Charlier coefficient values 
suggested that the population was of aggregated in nature. K values were less than 8 
for all the weeks of observation and this condition supported clumping behavior of 
individuals in a population. Similarly, for coccinellids, variance was found more than 
mean on all the weeks of observations, hence showing an aggregated distribution 
pattern of population. Further, K value indicated a gradual reduction in aggregate 
nature of population distribution. Similar results were found with respect to 
calculation on David and Moore's index. Lexis index and Charlier coefficient values. 
The pattern of distribution of syrphid and Cotesia plutellae population had shown 
similarity with the observations as recorded for DBM and aphids. 
To understand the performance of transgenic Bt cauliflower and cabbage, 
normal plants were made to transgenic under field condition by using three 
concentrations of Bt var. aizawai sprayed at weekly intervals. It was found that Bt 
when applied at 1500 g/ ha could keep the DBM population below the economic 
threshold level even after 15 days of spray. 
The investigation carried out in 2006-07 revealed that the simulated Bt transgenic 
plants model-II and model-Ill were superior among all the treatments followed by 
spinosad, nevertheless, showing statistical parity with indoxacarb. The application of 
indoxacarb, spinosad, mycocin, august-5, cypermethrin and fipronil could not contain 
DBM population significantly beyond 15 days of spraying. Whereas, simulated Bt. 
transgenic plant model-Ill {Bt var. aizawai @ 1500 g/ ha) could bring the population 
below the economic threshold level even after 15 days of application. This trend was 
also seen during 2007-08. 
The performance of various treatments was also evaluated on aphids. It was 
found that, imidacloprid, followed by dimethoate and spinosad demonstrated 
maximum reduction in its population after one day of application. As far as the 
efficacy on Pieris brassicae was concerned, all the treatments were found 
significantly effective over control but simulated Bt transgenic plants (model III) 
showed the best performance by not allowing any larvae to survive after 15"^  da\ of 
its application. 
The effect of all the treatments was also worked out against the population 
dynamics of coccinellids. It was found that after 15"^  day of spray, all the treatments 
except mycocin and cypermethrin were found statistically insignificant with control. 
Indoxacarb and fipronil however showed their intermediate toxicity. During 2007-08, 
one day after insecticide application, dimethoate was recorded as highly toxic to 
coccinellids, followed by fipronil and spinosad. Indoxacarb and imidacloprid were 
once again considered to be of intermediate category. While, evaluating the 
performance of these treatments on syrphids; mycocin and cypermethrin were 
regarded as highly toxic treatments, whereas, Bt var. aizawai and Bt isolate were 
found very safe, leaving no deleterious effect on syrphid maggots. 
No detailed observations with respect to impact of various treatments were 
made on Cotesisa plutellae and therefore required further investigations. Under 
unprotected conditions, recovery of cocoons in the fields was however found 
positively correlated with DBM population. 
It was inferred from the literature that most of the research work regarding 
determination of toxicity of insecticides was confined to laboratory (in-vitro) 
condition, so, there might be a possibility of deviation on the performance of 
insecticides under natural condition primarily due to temperature fluctuations vis-a-
vis response of natural insect population and selection pressure. To minimize this 
probable deviation, an experiment was designed to gauge the performance of various 
insecticides and Bt formulations under natural and contained conditions. 
The performance of insecticides was significantly superior in reducing the 
larval population as compared to control. On further exploration, spinosad was found 
to be the most effective treatment followed by indoxacarb, August-5 and fipronil. 
however mycocin and cypermethrin were evaluated as least effective. Under 
contained condition, it was seen that Bt var. aizawai when applied @ 1500g/ha 
showed the best performance in reducing the DBM population, after 15 days of 
application. The other best treatments were however found as spinosad followed by 
indoxacarb, Bt var. aizawai (@ 1000 g/ha), august-5, fipronil, Bt var. aizawai (@ 500 
g/ha), mycocin and cypermethrin. 
Various Bt cauliflower and cabbage germplasms (transformed wild species) 
were evaluated for their resistance against DBM. The parameter taken to determine 
the resistance level was based on the leaf damage score ranging from 1.0 to 5.0. The 
following ten germplasms (transformed wild species) GT-01-1, GT-03-1, GT-81-4. 
GT-87-3, GT-92-4, GT-111-5, GT-120-5, GT-122-7, GT-129-1 and GT-134-4 were 
graded as highly resistant against DBM, showing leaf damage score of 1.0. 
To determine the resistance level in various Bt transformed cauliflower and 
cabbage wild species against Helicoverpa armigera, leaf disc bioassay method was 
used. In all the replicates of bio-assays, the germplasms GT-81 -4 with moderate or 
high level of Cry IB protein produced 80% mortality to neonate of H. armigera. A 
few other germplasms particularly GT-52-1, GT-56-2, GT-60-2 and GT-6I-3 with 
low level of Cry IB protein suffered average 40% defoliation. These germplasms 
severely inhibited larval development and after 96 hours of feeding, all the larvae 
were found dead. 
The residue analysis of indoxacarb, cypermethrin and fipronil was done by 
employing Gas Liquid Chromatography and for spinosad and imidacloprid High 
Performance Liquid Chromatography method was used after 5, 8 and 15 days of spray 
of each chemical on cauliflower curd. The residues result confirmed that even after 8 
days of spray, the residue of most of insecticide persisted in curds. The residue of 
imidacloprid in leaves resulting from seedling root dip treatment was detected even 
after 30 days of application. 
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Introduction 
I. Introduction 
Any part of herbaceous plant that humans eat whole or in part is a \ egetable, except 
culinary fruits and arguably grains, nuts, herbs and spices. Vegetables are eaien in a 
variety of ways, as part of main meals and as snacks. The nutritional content of 
vegetables varies considerably, though generally they contain varying proportions of 
vitamins such as Vitamin A, Vitamin K and Vitamin B6, provitamins. dietar\ minerals 
and carbohydrates. It is hard to argue with the health benefits of a diet rich in vegetables 
and fruits as they contain a great variety of other phylochemicals. some of which ha\e 
been claimed to have antioxidant, antibacterial, antifungal, antiviral and anticarcinogenic 
properties (Steinmetz and Potte. 1996; Gauda, 2005). Some vegetables also contain fiber 
important for GI function, nutrients necessary for proper hair and skin as uell. Diets 
containing recommended amounts of fruits and vegetables may help m lowering dmvn 
the risk of heart diseases and type-2 diabetes. These diets may also protect against sonic 
cancers and decrease bone loss. The potassium pro\ided hy \egetables nia\ help \o 
prevent the formation of kidney stone. 
India is the second largest producer of vegetables in the world followed b\ China 
with the production of 137 million tonnes in 2011 followed by 133.73 million tonnes in 
the previous year (http://\vwvv.linaiKMalexi^ress.cc)nviievvsTruil-\cgelahlc-pi\)duc;ion:U|2- 
3.7-in-20iO] l-govt,'842602''2). The most common vegetables grown in India are the cole 
crops (Cabbage, cauliflower, knol khol, brussels sprout etc.), tomato, cucurbits. chilK. 
eggplant, okra, onion etc. 
Cole crops are as diverse as leafy kale, cabbage, kohlrabi, broccoli, cauliflower, and 
Brussels sprouts. According to an extension leaflet of Iowa State Universitv. all cole 
crops are cultivated varieties of the species Brassica oleracea L.. (Haynes el a!.. 2009), 
The extreme plasticity of the species has allowed differentiation, under human selection. 
of this large number of forms due to the specialization of different plant organs that ha\e 
given rise to various crops and uses. These include, for example, the lea\es in the case of 
cabbage and leafy kale, the stem in kohlrabi and marrow stem kale, the inflorescences in 
broccoli and cauliflower, and the axillary (lateral) buds in the brussels sprout. The 
variation in forms and colors is marked within each of these crop types (Maggoni cl ul. 
2010). 
Insect pests are major obstacles in low production of cauliflower and cabbage 
starting from nursery stage to the harvesting stage. Lai (1975) reported that 37 species 
of insects attacked the cruciferous vegetable crops, out of which 27 insect species were 
the pest of cauliflower alone at various stages of crop growth. Some of the important 
insect pests were diamondback moth {Plutella xyloslelhi L.), mustard aphid (Lipuphis 
erysimi Kalt.), cabbage aphid {Brevicorync hrassicae L.) cabbage butterfly (Pieris 
brassicae L.), leaf webber {Crocidolomia hmotalis Zell.). tobacco caterpillar 
(Spodoptera litura Fab.), Greasy cutworm {Agrolis ipsilon Huf.) etc. It has been 
estimated by Mohan and Gujar, (2003) that, collectively the pest is known to cause a 
loss of about US $16 million at 2.5 % damage in India. 
The out breaks of diamondback moth (DBM) at .Aligarh. India led the growers 
to plough down their standing crops inspite of multiple insecticide applications i Ansari. 
et ai, 2007). Since it has attained the status of major pest, farmers are more concern to 
control it. it has been estimated that, globally the cost of control is about of l'S$ 1 
billion (Grzywacz et ai, 2010). however in India, the cost of pest control particularK 
DBM {P. xylostella), cabbage worm {S. litura) and aphids, was estimated around I !S $ 
168 million (Sandure et al., 2004). The wide spread use of insecticides on cabbage and 
cauliflower has led to the elimination of natural enemies of DBM (Xu el ul.. 2004) thus 
paving the way to attain the status of most noxious pest of various cole crops in India 
(Singh et ai. 2005). 
The principles of pest management are very interesting and appealing but in real 
world, application is very difficult primarily because of inadequate information on pest 
complex (Pradhan, 1971). In modem high intensive agricultural practices, farmers 
frequent apply synthetic pesticides to combat pests of vegetable crops without 
considering how pesticide usage would affect the health and environment. Such 
situation may not sustain in future primarily due development of resistance among 
insects against many insecticides (Shelton et ai, 2000; Sarfraz and Keddie. 2005). 
Presence of residues due to the indiscriminate use of pesticides on fresh produce and 
vegetables entering into food chain are other major issues being dealt seriouslv across 
the scientific community. These problems have excessive interest in e\olving 
alternative control methods and new technologies, such as transgenic crops using 
genetic engineering. Host plant resistance howexer should be the basis for pest 
management, but in many cases no suitable resistant germplasm is a\ailahle (Kenned>. 
2008). In this context Government of India aims to develop a sustainable strateg) to 
increase the production through use of transgenic approaches. Dl Uansgcnic cabbage 
and cauliflower have been developed in India yet to be applied on large scale at farmers 
field for the control of the lepidopteron pests resistant against all sorts of chemicals. 
Transgenic crops have the ability to overcome the problem of pesticide resistance. 
Considering the seriousness of insect pests and the problem of resistance as well as 
future prospects in the use of transgenic cole crops, the experiments \\ere designed with 
following specific objectives. 
1. Determination of current status of insect pests and their management practices in 
cauliflower {Bnissica olcniccci \ar. hotrvlis) and cabbage {Bnisyicci o/c'ccca \:n 
capituta). 
2. To determine seasonal incidence and distribution pattern of insect pests and their 
natural enemies in cauliflower ecosystem. 
3. Evaluation of simulated ^Mransgenic cauliflower with current insect pest 
management practices in cauliflower ecosystem and their impact on natural 
enemies. 
4. Evaluation of the performance of Cry 1 Ba 2 + Cry 1 Ca 4 dual gene cauliflower 
and cabbage against diamond back moth (Plutella xylostella L.) and tomato fruit 
borer {Helicoverpa armigera Hub.) under green house condition. 
5. Screening of 5/-cauliflower and cabbage germplasms against major insect pests. 
6. Determination of the performance of B. thuringiensis insecticidal proteins Cry 1 B. 
Cry IC and insecticides on target insect pests of cole crops. 
7. Determination of persistence and dissipation of commonly used insecticides. 
Review of Literature 
2. Review of literature 
The literature relating to present investigation "' Studies on Bacillus ihuringiensis 
(Bt) toxins as a potential option for the management of economically important pests of 
cole crops has been reviewed under the following subheads; 
1. Seasonal incidence of insect pests of cauliflower. 
2. Distribution pattern of major insect pest 
3. Efficacy of Insecticides and Bt isolates against major insect pests and natural 
enemies 
4. Transgenic plant 
5. Pesticide residue in caulitlower 
2. I. Seasonal incidence of insect pests attacking cole crops: 
2.1.1. Seasonal incidence of diamondback moth, Plutella xylostetla (L.): 
Severe damage to cruciferous vegetables by diamondback moth was noticed in ,lul\-
August by Shaw (1959) in Scotland and the minimum threshold o\' de\elopment was 
found to be 10 °C with upper vital limit to be 40 "C. The diamondback moth was reported 
on cruciferous vegetables in high proportion in Tamil Nadu, India during the hot weather 
period, especially in April and May with as many as 32 caterpillars on a single plant in 
which, not a single leaf was left untouched. The population of the pest continued to be 
fairly high till August and low during November to February (Abraham and 
Padmanabhan, 1968). The survey, conducted by Sachan and Srivastava (1972) showed 
September-October and January-March as initial (0.34 larvae/plant) and peak infestation 
periods (24 larvae/plant), re^nectively for P. xylostella on cabbage in Rajasthan. Chin 
(1974) reported that the occurrence of P. xylostella on cabbage was related to 
temperature, numbers being highest in March and October and lowest in June-August. 
Storms and floods reduced the population quickly and humidity had little influence. 
While performing preliminary survey of insect pests of vegetables during 1975-77 
at different altitudes in Meghalaya. Sachan and Gangvvar (1980) noted the maximum 
activity of diamondback. moth from middle of February to March 
Andalore et al., (1982) reported that date of planting of cabbage had no direct 
influence on the initial incidence of P. xyloslella. Studies on population d\ namics ot 
cabbage pests at Hyderabad, India revealed that DBM was found damaging the crop from 
early November till the end of January with peak activity during late November, whereas 
cabbage borer was observed to attack the crop after first week of November and 
continued up to harvest with pronounced activity at the end of December (Babu and 
Krishnayyah. 1998). Very high population of tobacco caterpillar was recorded after 
second week of November and at the end of November, heavy aphid infestation was 
noticed. The temperature range from 26.3 to 31.3 '^C and relative humidity between 86-
96% were the favorable weather parameters for the build up of these pests. 
The population density of diamondback moth was found high during spring and 
late autumn but very low in summer and winter (Iga, 1985). Khaire et al. (1987) reported 
that the incidence of the aphid reached the peak in the second fortnight of N4arch and that 
of the P. xylostella in the first fortnight of February on cabbage in Maharashtra. India. 
Ong and Soon (1989) studied the population trends of P. xylostella on cabbage and 
reported that population peaks occurred in February-April and November. v\ere not 
affected by rainfall and temperature. This species was a cosmopolitan herbivore feeding 
exclusively on crucifers (Idris and Grafms. 1996). Seasonal factors and natural enemies 
played an important role in the growth and development of individual insects as well as 
their population. Life table and population studies showed that rainfall, temperature, 
natural enemies and host plants influenced the survival and reproduction of the DBM and 
33.1 to 62 % mortality of first stadium DBM larvae were recorded in cabbage fields due 
to rainfall and some unknown factors (Aysheshim el al., 1996). 
Devi and Raj (1991) reported that P. xylostella increased in numbers from March 
onwards with a peak at the end of March and early April in Palampur. Whereas. Bhatia 
and Verma (1994) observed peak incidence (6.79 to 8.70 larvae/ plant) of P. xylostella on 
cabbage between last week of .luly to first week of August under mid-hill regions of 
Himachal Pradesh. Chandramohan (1995) reported higher DBM moth trap catches from 
April to July in 1990-91 and February-April during 1991-92 in Nilgiris. Weather 
elements cumulatively contributed 16.34% of \ariation in trap catch. Minimum 
temperature, relative humidity and total rainfall had negative influence on the trap catch. 
Aysheshim et ai, (1996) found that the populations of P. xylosle/la and B. 
hrassicae were positively correlated with maximum and daily a\erage temperatures, but 
the association was not significant. Uematsu el al.. (1998) found that the fluctuating 
winter ambient temperature reduced the fecundity of P. xylosteUa. Vasicek ci uL. {1998) 
found that rains proved to be a limiting factor for population increase of P. xylostella. 
The studies conducted by Ahmad and Ansari (2010) indicated that the dexelopinent and 
survival of Plutella xylostella (L.) was greatly influenced by temperature than relalixe 
humidity. 
2,1.2. Seasonal incidence of aphids: 
In Egypt. Herakly and El-Ezz (1970) noted the incidence of cabbage aphid 
Brevicoiyne hrassicae throughout the )ear with peak activity in .luh-.August, The two 
main periods of abundance of B. hrassicae and M. persicae (Sulz.) were found during 
January to May-June and Mid-July to December, respectively on cabbage in Eg}pt, J here 
was a significant positive correlation with weekly mean temperature and humiditx on the 
incidence. Aphids however, preferred low temperature and high RH (Amin and El-
Defrawy, 1984). The aphid population on cauliflower was greath reduced b\ hea\ > 
rainfall, wind, frost and other biotic factors during February to March in [limachal 
Pradesh, India (Kotwal and Bhalla, 1985). The M persicae occurred periodically but its 
abundance was greatly influenced by rainfall on cabbage in Taiwan (Lee. 19K6). 1 he 
highest population of Lipaphis erysimi Kalt., (3385 to 6236 aphids/plant) was obserxed 
from mid January to the end of February on cruciferous vegetables (Chandra and 
Kushwaha (1987). Population was correlated negatively with temperature and positive!} 
with humidity, thus contradicting the earlier reports on M persicae b> Zaz and 
Kushwaha, 1983). Khaire et al., (1987) reported that the incidence of the aphid reached 
the peak in the second fortnight of March and that of the P. xyloslcUa in the first fortnight 
of February on cabbage in Maharashtra, India. The cabbage aphid {B. hrassicae) 
witnessed on radish from April to November with peak population in May and August in 
Japan (Katoh and Hamasaki, 1988). The studies conducted by Singh and Singh (1989) on 
population dynamics of green peach aphid M persicae on cabbage in Haryana rexealed 
two distinct populations peaks, the first in mid-January and the second in the last week of 
February or first week of March. None of the abiotic factors showed any significant 
correlation with the aphid population except wind velocit). 
Roy and Pande (1991) reported that the maximum and minimum number of /, 
erysimi was recorded in January and April, respectively and a significant negative 
relationship was established between both temperature and rainfall with insect 
population. The population of I. erysimi increased when the maximum temperature was 
30 °C during winter months with a constant increase in minimum temperature, vapour 
pressure and sunshine hours and number of the aphid decreased with decreasing 
temperature even when the values for vapor pressure and sunshine hours were on the 
increase (Shekh el al.. 1993). 
Singh and Singh (1994) observed that abiotic factors had non-signillcant 
correlations with L erysimi contributing 77.69% impact on aphid population. .Ajav ei iil.. 
(1995) found that rainfall in January to mid-February caused rapid population increase. 
while rainfall in the last week of February or first week of March had deleterious effect. 
Devi et al., (1995) reported that good rainfall from January to mid February resulted 
in rapid increase of aphid population and rainfall exerted a deleterious effect on 
aphids when observed in last week of Februaiy or first week of March. Hovve\er. 
increase in mean relative humidity during third week of February favored the 
multiplication of mustard aphid. 
Agarwal et al., (1996) observed that L. erysimi appeared in the 4'^  week of 
January and continued up to the 3'^ '^  week of March. The peak activities were observ ed 
during mid February on different brassica genotypes. Rohilla el al.. (1996) found that 
infestation of L erysimi reached at peak on B. napus in the last week of Februarv at 
Hisar. Kuo (1997) observed that rainfall had the significant negative effect on 1/ 
persicae and L. erysimi. Liu et al., (1997) found that the temperature was a key factor 
affecting the seasonal fluctuation pattern of the mixed population of the two aphids (Z. 
erysimi and M. pursicae) and their inter-specific difference in seasonal fluctuation on 
crucifer vegetables. 
Kulat et al., (1997) reported that frequent rains during the period oi population 
multiplication in January-February affected aphid populations. thereb\ keeping ihem at a 
comparatively low intensity. Sharma et ciL, (1998) also reported that rainfall adverscK 
affected the population of mustard aphids. Singh and Malik (1998) observed that 
the increase in temperature was significantly conduci\e for aphid multiplication but 
relative humidity had shown slightly negative response on the intensity \\ithout an\ 
remarkable response of mild rainfall while wind velocity had negative effect on the 
pest. 
Abu et ai, (1998) found that temperature and rainfall had a negati^c role in 
regulation of/,, erysimi and Athalia prnxima on brassica crops in I 'ttar Pradesh while the 
incidence of Chromatomyiu horlicola and Bagnida hilaris was found to be ncgati\el\ 
correlated with relati\e humidity and positively with temperature. Nasir el cil.. (1998) 
reported that the populations of L erysimi on rape were positive!} correlated with the 
average daily temperature, but negatively correlated with relative humiditv and rainfall in 
Pakistan. 
Chattopadhyay et ai, (2005) observed that mustard aphid appearance on 
inflorescences of the plants was positively correlated to a maximum temperature between 
20-29 °C in the preceding week and also to a morning relative humidit> (RH) >'-)2% and 
daily mean RH of >75%. Long hours of leaf wetness and minimum temperature >5 '( 
also favored aphid infestation. 
Bhavani and Punnaiah (2004) reported that seasonal prevalence of cabbage aphid 
in relation to weather parameters indicated that .January was favorable for the 
multiplication of pest population on cabbage. The highest cabbage aphid population was 
observed during the second week of February while the minimum population was seen 
during last week of March. Minimum temperature exerted significant negative effect, 
while the morning and evening relative humidity showed significantl> positive 
relationship with aphid population. 
Ansari et al., (2007) found that natural appearance of mustard aphid on Brusska 
germplasm was observed on ll"' January (60DAS) and disappeared after 2''^  March 
(1 lODAS). The peak aphid population was found at a maximum, minimum and average 
temperature of 23.37. 6.87 and 15.76 °C. respectively and mean relati\e humidit> ot 
54.75% on 10' Febmary at 90 D.A.S. Then, decline in aphid population and simultanecnis 
increase of Coccinella population was at 100 and 110 DAS, respectixeU. Maximum and 
average temperature showed positively non-significant effect while minimum 
temperature caused negatively non-signitlcant effect on population of aphid. Howexer. 
relative humidity showed a negative effect. Late appearance of C'occinella howexer could 
not leave any regulatory effect on the incidence of this pest. 
2.1.3. Seasonal incidence of cabbage butterfly (Pieris brassicae L.): 
Sachan and Gangwar (1990) reported that Pieris brassicae L.. larvae were present 
on cole crops (cabbage, cauliflower and knol-khol) throughout the year ha\ ing maximum 
activity during February to October, .lamadar (1991) recorded a mass migrati(in ol" /' 
brassicae in northward direction at the altitudes of 3.800-4.000 hultciilics passed one sitJ 
in 1.5 days, this was however only a small proportion of the total population. 
Cabbage butterfly, P. brassicae was recorded for the first time infesting the 
Brassica spp., viz.Juncea, napus. nigra and carinata at Issapur. Delhi, in February 1996. 
The late cultivars with green leafy stage coinciding with the period of pest activity were 
preferred while those with early maturing escaped infestation. The physical factors of the 
host plant such as leaf texture and leaf color had no relationship with the larval 
preference. Sood and Bhalla (1996) reported that higher temperatures and more sunshine 
hours accompanied with low relative humiditx and rainfall favored population build up of 
P. brassicae on cabbage and cauliflower. 
Thakur and Deka (1997) conducted ecological studies on P. brassicae in North 
East region of India. A temperature range of 15.2 °C-30 °C was found to be ideal for pest 
multiplication during May-.Iune on cabbage crop. However, other abiotic factors did not 
influence the life cycle of this pest. Severe cold during December and .lanuary also 
seemed to deter the multiplication and population build up of this insect. When the 
temperature reached 30 °C, decline in the size of population build up of this insect uas 
observed. 
Jainulabdeen and Prasad (2004) studied impact of abiotic factors on population 
fluctuations of P. hrassicae under agroclimatic conditions of New Delhi (India) on six 
species of Brassica {B. campestris cv. Pusa Kalyani, B. Juncea c\. Pusa Bold. B. napus. 
B. carinata. B. nigra and B. alha [Sinapis ulha\) and Eruca saliva \h'. vesicaria]. The 
larvae of P. hrassicae appeared during the 9''^  standard week and reached its peak (12 
larvae/plant) in the ll"^ standard week. i.e. ?/'' week of March, and thereafter the 
population declined but pest remained in the tleld till 13''^  standard week. The mean 
temperature (ranging from 17.6 to 23.80 °C), relative humidity (65.3%). wind velocit\ 
(1.8 km/h) and sunshine (7.3 h) were found favorable for mass multiplication of /' 
hrassicae. Correlation studies showed that the population was negative!) correlated with 
maximum, minimum and mean temperature, while relative humidit\ (at morning and 
evening) showed significant negative correlation on population dynamics with (r) \alues 
of-0.782. -0.933. -0.938. respccti\ely. Wind \clocit> showed non-significant, ncgatnc 
correlation, but sunshine hours showed non significant positive correlation with 
population of P. hrassicae. 
2.1.4. Seasonal incidence of other insect pest 
Watanabe (1927) and Ishi (1938) observed the activity of Hellulu mukilis from 
July-August to October-November, causing substanitial yield loss to cabbage and radish 
in Japan. Reid and Baire (1952) reported the abundance of diamondback moth during 
first week of May and that of the cabbage looper (Trichoplusia ni Hb.) in the later halt of 
September. Rawat et al., (1968) observed higher incidence of//, imdalis from March to 
July than during winter on cabbage and cauliflower in Madhya Pradesh. 
2.2. Distribution pattern of major insect pest: 
Nicholson (1957) defined population as a group of inter-acting and inter-breeding 
individuals which normally has no contact with other groups of the same species. Milne 
(1957 & 1962) described it as population number of individuals of a particular species 
existing in a particular space. The manner in which the members of a pest population art-
distributed through space is the distribution pattern or the dispersion of the population 
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Spatial distribution is one of the most important characteristics of ecological signiikance 
of a species. It yields characteristic parameters that segregate species. The spatial pattern 
of an insect is of specific interest in both applied and fundamental studies. No field 
sampling is viable without understanding the underlying spatial distribution. Some insect 
species reproduce so rapidly that population density can change greatlv during the course 
of field experiment as in case of aphids. Most of the workers ha\e described the natural 
insect population with negative binomial model (Anscombe, 1948: Harcourt. !%((. 
1965). Sylvester and Cox (1961) and Shiyomi and Nakamura (1964) found that the 
distribution of aphids during the initial phase of infestation is random and it becomes 
contagious as their number increases. 
Prasad and Pradhan (1952) reported that the aphids (L. ciysimi) uere not 
uniformly distributed over the different portions of the field but were in patches of 
varying density. Further, the variation between rows was more than within the rows 
probably because the plants were closer along the rows enabling alate aphids to migrate 
from one plant to other. It \Nas further obser\cd that all the different cdnipiisitc unit> 
exhibited a large number of troops and peaks, showing the asymmetr) of distribution. 
The smaller the size of the unit, the greater was the number of troughs and peaks. It v\as 
clear that none of these showed a normal distribution. 
Adults of P. xylostella were found to have a random distribution while the 
immature stages had an aggregate or negati\e binomial distribution (Chua and fim. 
1977). The spatial distribution of larvae of P. xylostella on caulifiower was iiegatixc 
binomial. The relationship between the variance and mean confirmed to Taylor's power 
law (Chen and Su, 1986). Sivapragasam el al., (1986) found that the distribution patterns 
of the immature stages of P. xylostella and its larval parasite, Apanleles plulellue were 
contagious. 
Srinivasan and Rao (1987) reported that P. xylostella had a random distribution 
on cabbage during early stages of infestation but later their distribution became 
aggregated. Similarly, Crocidolomia hinotalis larvae showed an aggregated distribution 
throughout crop growth of cabbage. Rai el ai, (1 992) observed the aggregate distribution 
of larvae of P. xylostella on cauliflower at Panipat, Jaunpur. Ranchi and Delhi. Singh ei 
al, (1993) showed that population of aphids. B. hrussiciw, L. erysimi and M. pcrsicuc. 
followed a negative binomal distribution. Kuo (1997) reported that XL persicae and /-
erysimi both had performed clumped distribution in cabbage and radish fields. The peaks 
of population density of both species appeared in November and the 4"' instar alalc 
nymphs occurred at the end of the same month. 
Wang et al., (1995) found that the population of L. erysimi on brassicaceae in 
China was aggregated throughout the year on all crops, but the intensity of aggregation 
changed seasonly. Choi et uL. (1996) observed the clumped distribution of/?, hrcissicae 
and M. persicae throughout the growing season, where as P. xyloslella had random or 
clumped distribution, depending on population density. Reddy ei uL. (1996) reported 
aggregated nature of distribution of F. xylostella larvae throughout the cabbage growth at 
Hyderabad. 
2.2.1. Diamondback moth, P. xylostella (L.): 
Diamondback moth. P. xylostella (L.) is a major insect pest of crucii'cr \egetablcs 
{Brassica sp.) including cabbage, broccoli, cauliflower, coUards, kale, kohlrabi. Chinese 
cabbage, and Brussels sprouts worldwide. P. xylostella is not native to the U.S., and is 
believed to have originated either in the Mediterranean region (Taiekar and Shelton. 
1993) or in southern Africa. It was first observed in North America in 1854, but quicklv 
spread across the continent (Capinera. 2001). 
Today, this species is found wherever crucifers are grown and is belie^ed to be 
the most universally distributed of all Lepidoptera (Taiekar and Shelton, 1993). The 
feeding of the larvae is confined to the plants of the family Cruciferae. The plant contains 
mustard oil and their glucosides like sinigrin. sinalbin, and glucocheirolin produced b> 
crucifer plants which are important to stimulate P. xylostella feeding (Nayar and 
Thorsteinson, 1963). The DBM also feeds on many different cruciferous weeds. 
including Barbarea vulgaris; Capsella hursa-pastoris: Lepidiiim spp. and Brassica spp.. 
which serve as important alternate hosts for the pest, especially in spring before crucifer 
vegetable crops are planted (Capinera, 2001). 
This species has become the most destructive insect pest of crucifer vegetables 
worldwide and the annual expenditure for managing it, are estimated at $1 billion 
(Talekar and Shelton, 1993). The absence of effective natural enemies and insecticide 
resistance are believed to be the major cause of the P. xylostellu outbreaks in most parts 
of the world (Lim 1986 and Talekar & Shelton 1993). It is the greatest threat to crucifer 
production in many parts of the world, sometimes causing more than 90"o crop loss 
(Verkerk and Wright, 1996). 
2.2.2. Mustard aphid, L. erysimi (Kalt.): 
Mustard aphid, L. erysimi Kalt., (Hemiptera: Aphididae) is one of the serious 
pests of mustard {Brassica campestris L.), turnip {B. rapa L.) and radish {Ruphumis 
sativus L.). Both adults and nymphs feed on leaves, inflorescence and pods, which results 
in pale and curled leaves, and consequently plant growth development of flowers and 
pods are adversely affected. The yield may decrease up to 80% in case of se\ere 
infestation (Atvval. 1976). Aphids also transmit plant \iral diseases (C'howla and Baruah. 
1990; Bedford e/a/., 1998). 
Different aspects including population dynamics of aphids. its biological control 
agents and economic threshold level have been studied in detail (Hodgson. 1991. White 
et al., 1995) providing the bases for the development of sound pest management 
strategies. Aphids may have up to forty-five generations per year. Their high reproducti\e 
capacity and extensive insecticide application resulted in development of resistance 
against certain insecticides (Zheng et a!., 1997). 
Aphids are found world wide and is a serious pest on brassica \egetables and 
rapeseed crops in many parts of the world such as China (Liu el a/.. 1997). India 
(Bath and Singh, 1989). In the Chan^iang river valley. China, the aphid is 
exclusively a holocylic. reproducing parthenogentically and viviparously all year 
round on brassica plants (Liu el a/., 1997). In recent years L. erysimi has been 
appearing in large numbers in the cauliflower fields causing extensive damage of 54.2 % 
to crop (Srivastava and Guleria, 2003). 
2.2.3. Cabbage butterfly, P. brassicae (L.): 
Shapiro (1975) reported P. brassicae as one of the serious pests of crucifers 
causing 41% loss annually, whereas Prasad (1963) reported that this pest could cause the 
damage to an extent of 70 to 98% in India. Sachan and Gangwar (1990) reported cabbage 
butterfly, P. hra.s.sicae as one of the most important pests of cruciferous crops in North 
Eastern India, causing up to 100% damage under severe infestation. The weight of 
cabbage heads was reduced by up to 50% and that of unmarketable heads b) 8')% due it^  
P. hrassicae and up to 77% due to Lepidoptera larvae and the mean percentages (^ f 
unmarketable heads due to attack by P. hrassicae and Lepidoptera were 23 and 31"(.. 
respectively (Hommes el al.. 1988). 
Sood et al.. (1993) estimated the quantitative consumption of cauliflower h\ 
larvae of P. hrassicae in laboratory. A larva within its life span of 16.3 daNs consumed 
3.26 g of dry weight foliage. Maximum consumption (80%) of foliage was done by the 
5' instar larvae. The damage was comparatively greater at bolt formation and flowering-
pod formation stage. A larval population of 20/plant at curd formation .stage did not alfect 
the seed yield but a population of 5 or more at bolt formation or later stages significantly 
reduced seed yield, thus requiring insecticidal application at specitled interxals. 
Thakur and Deka (1997) noted increase in yield over untreated plots tu the tunc of 
42.9%. while Voltukhov'(1975) from. USSR reported 17-18% increase which was nearh 
one third that of the findings of Thakur and Deka (1997). In a field study at I pper 
Shillong. Meghalaya, India. Thakur and Deka (1997) observed that 68.5% ol' the 
marketable yield was affected by attack of P. hrassicae (Thakur. 1996). 
2.2.4. Natural enemies: 
Among parasitoids. Cotesia plutellae (Kurd.) was revealed as priniar\ solitar\ 
endoparasitoid of DBM larvae (Haseeb el al.. 2001) and has been reported as an 
impressive suppressing agent of its population (Mitchell ei al. 2000). 
Krishnamurthy and Mani (2000) reported that only very few parasitoids had been 
exploited for the control of DBM either as a sole method of biological control or 
incorporated as one of the components in Integrated Pest Management strategies 
Trichogrammatoidea hactrae (Nagaraja) and C. plutellae (Kurd.) \vere studied 
exhaustively and used against DBM. 
Krishnamoorthy et al., (2002) found that larval parasitoids have the greatest control 
potential in regulating DBM population. Cotesia plutellae and D. semiclasum were 
important parasitoids. These parasitoids had the potential to regulate the lar\ al stage of 
the pest. Conservation of the local C. plutcllue on the other hand would help in checking 
DBM population. 
The aphidophaguous lady bird beetle. Coccinclla septempunclaia L., is one of the 
potential predators of the mustard aphid, L. erysimi (Kult.). a key pest of the rapeseed and 
mustard. The beetle occupies quite a remarkable place among the naturall) occurring 
biocontrol agents of mustard aphid (Mathur. 1983). Mustard aphid is preyed and 
parasitized by a number of natural enemies like coccinellids, syrphids and Apliidus sp,. 
operating in mustard ecosystem. Coccinellids locate their prey initially by searching their 
habitat extensively but switch to intensive searching following an encounter with prey 
(Omkar and Srivastava, 2002). Adult stage of C septumpunctata consumed more aphids 
in both generations as compared to larvae (Omkar and Srivastava. 2003). 
Gould et al.. (1994) studied potential impacts of transgenic cultnars on msect 
population dynamics and evolution. Experience with classically bred, insecticidal 
cultivars has demonstrated that a solid understanding of the both the target insect ecolog\ 
and the cultivars performance under varied field conditions will be essential tor 
predicting area-wide effects of transgenic cultivars on pest and natural enem\. 
2.3.1. Screening of ^/-Cauliflower cultivars against Plutella xyloste/la and 
Helicoverpa armigera: 
Paul (2005) studied Progeny (T| generation) of the selfed transgenic plants 
analyzed for the transgene segregation and insect protection. These studies clearh 
demonstrated the efficacy of cry IB and crylAb fusion protein to confer protection to 
cabbage against DBM infestation. The transgenic cabbage plants will serve as a good 
system to study the role of gene pyramiding in resistance management strategies intended 
to prevent evolution of resistance in DBM. Tang el al.. (2001) revealed that experimental 
evolution of the effectiveness of resistance management tactics was vital to pro\ ide 
guideline for the deployment of transgenic broccoli expressing a cry 1 Ac gene of Bacillus 
thuringiensis (Bt). The DBM (P. xylostellae) larvae were used in greenhouse tests to 
evaluate the influence of size and placement of non-transgenic refuge plant on changes in 
resistance allele frequency and pest population growth. All Ovlac and Crvlc collard 
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plants in which fir-protein was detected caused complete inortalit\ of larvae from 
susceptible P. xylostella. Cry 1 Ac transgenic plants also controlled P. xylosiellu 
populations resistant to crylc protein while crylC-transgenic plants controlled crylAC -
resistant P. xylosieUa (Cao et al., 2005). 
Alstad and Andow (1995) reported the evolution of resistance in pest such as the 
European corn borer which might imperil transgenic maize varieties that expressed 
insecticidal crystal proteins of B. thurin^iensis. Patch v\orks of treated and untreated 
fields will delay the evolution of pesticide resistance but at the same time untreated 
refuge fields are likely to sustain heavy damage. A strategy that exploits corn borer 
preferences and movements can eliminate this problem. Computer simulation indicates 
that this approach can delay the evolution of resistance and reduce insect damage in the 
untreated fields of a patch work planting regime. Transgenic broccoli expressing a 
Bacillus thiiringiensis insecticidal crystal protein, there can be 100% mortality of 
susceptible larvae allowed survival of a strain of diamond back moth that had evoKed 
resistance to Bt in field F| hybrid between resistant and susceptible insect did not sur\ i\e 
(Meiz etal., 1995). 
Cao et al., (2002) indicated broccoli plants with pyramided cry I Ac and crylC Bi 
gene control diamond back moths resistant to crylA and crylC proteins. Bt transgenic 
plants can greatly reduce the use of broader spectrum insecticides and also 
experimentally revealed that a separate refuge will be more effecti\e at conser\ing 
susceptible larvae than a mixed refuge and would thereby reduce the number of 
homozygous resistant (RR) offspring. 
Carriere and Tabashnik (2001) examined fitness costs that reduced survival on 
non-Bt cotton by an average of 51.3% in two resistant strains and a susceptible strain. 
The survival cost was recessive in one set of crosses between a resistant strain and the 
susceptible strain from which it was derived. However, crosses involving an unrelated 
resistant and susceptible strain indicated that the survival cost could be dominant. 
Development time on non-Bt cotton did not differ between the two related resistant and 
susceptible strains. Ise et al., (1998) found different plant species expressing such delta-
endotoxin and lectin gene which resistance to insect pest showed. 
2.4. Efficacy of Insecticides and B. thuringiensis: 
2.4.1. Lepidopteran pests: 
Heavy reliance on synthetic insecticides by farmers has not only shortened life 
span of many valuable insecticides but also increased the cost of production to farmers 
and health hazards to consumers because of pesticidal contamination (Raju. 1996). 
Insecticide resistance and control failures are now common and in certain cases 
economical production of crucifers has become increasingly difficult. (Regupath\. 1996). 
Cartap hydrochloride is an insecticide developed through deri^ ation o\' neristoxin 
(dithiolone compound), naturally occurring insecticidal substance isolated from marine 
annelids. Lumbrinereis heleropoda and L. hreviccirra. It was registered as commercial 
insecticide in 1967 under the trade name padan'50 SP in Japan and later became available 
in many other countries including India. It acts as a non-depolarizing neuromuscular 
blocking agent. Cartap hydrochloride affect insects by blocking ganglionic transmission 
of impulse by its competitive binding to receptors of neurotransmitters in the insect 
nervous system, and insects are paralyzed rapidly with few con\uisi\e or agonizmg signs 
(Sakai, 1971). 
Peter et al., (1989) observed the bioefficacy of cartap hydrochloride at 5 different 
doses using quinalophos 250 g ai /ha as standard and found that V/; 200 g ai /ha was 
minimum effective dosage for the control of/', xyloslella on cabbage. Raja\el and Babu 
(1989) reported that Cartap hydrochloride and fenvalerate gave effective control of P. 
xylostella. Sumalatha (1990) recorded 82.99 % reduction of lar\al population of P. 
xylostella with cartap hydrochloride at 0.1% on cabbage. Srinivasan and Krishnamoorthy 
(1991) indicated that intercropped cabbage could be raised successfully during the rainy 
season, without insecticidal application, while 2 sprays with 0.5% cartap hydrochloride 
was necessary during winter. Peter and Sundararajan (1991) found that its dose at 500 
g/ha reduced P. xylostella population by 71.3 to 80.5%. 
Adachi and Futai (1992) found that P. xylostella was susceptible to cartap 
hydrochloride and Bt {Bacillus thuringiensis) in cabbage field in .lapan but susceplibilitv 
declined drastically as time passed. Choi et al., (1992) reported that cartap h\drochloride 
was not effective against eggs and pupae of P. xylostella but caused mortality in larval 
instars. Morishita et al., (1992) found that cartap hydrochloride was relatively effecti\e 
against P. xylustella than organophosphate and carbamate insecticides. Rai ct al., (1992) 
reported that granular formulations of carbofuran (Carbaryl 3G) and cartap hydrochloride 
(Padon 4G) gave highest reduction in the larval population of P. xyloslclhi. 
Zhou and Ma (1993) reported that cartap hydrochloride gave effective control ot 
P. rapae and P. xylostella on cabbage. Cheng el al.. (1996) reported that the resistant 
populations of P. xylostella were managed by alternation of organophosphorus 
insecticides. Bacillus thuringiensis and cartap hydrochloride to avoid cross resistance. 
Sannaveerappanavar and Viraktamath (1997) indicated that cartap hydrochloride and 
diafenthiuron gave a moderate level of control. Babu and Krishnayya (1998) reported the 
cartap hydrochloride at 500 ai /ha as highly effective for the control of P. xylostella in 
cauliflower. 
Gopalakrishnan (2001) reported that application of Halt 'a 1 kg'ha recorded mean 
larval population 0.71 larvae/plant which was the lowest and accounts 82.8% reduction 
over control, as compared to 0.80 - 1.40 larvae/plant observed in other Bl lormulalions 
treated plots. The yield of cabbage of 35.80 ton/ha recorded in Halt treated plot was also 
significantly high, which accounts 26.98% increase over control as compared to 28.55 
31.65 ton/ha recorded in other Bt formulations treated plots. Lai (2001) studied the 
bioefficacy of insecticides in descending order as: cartap hydrochloride (005%) > 
lamdacyhalothrin (0.01%) > betacyfluthrin (0.00125%) > ethofenprox (0.01%) -
endosulfan (0.07%)) > imidacoprid (0.01%). Cartap hydrochlorid. thus, proved most 
effective against P. xylustella. 
Spinosad is a mixture of spinosyns A and D that are tetracyclic macrolide 
compounds produced by an actinomycete, Saccharopolyspora spinosa originally isolated 
from a Caribbean soil sample (Sparks et al.. 1998). Spinosad is primarily a stomach 
poison with some contact activity and is particularly active against Lepidoptera. Diptera, 
some Coleoptera, termites, ants and thrips. It is a neurotoxin with a novel mode of action 
targeting the nicotinic acetylcholine receptor and apparently the GAB A receptors as well 
(Salgado, 1998). Avermectins, a family of 16-membered macrocyclic lactones produced 
by the soil microorganism, Streptomyces avermitilis is an important tool in animal health. 
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human health and crop protection. The major component of the fermentation, avermectin 
Bl (abamectin), is a mixture of Bla (80%) and Bib (20ro) (Jansson and I)\bas. 1997). 
Emamectin benzoate (PROCLAIM '^^ ') is a semisynthetic den\ati\e of abamectin. 
it affects the nervous system of arthropods by increasing chloride ion tlux at the 
neuromuscular junction, resulting in cessation of feeding and irreversible paraNsis and is 
currently being developed for control of lepidopterous pests on a variety oi" \cgetable 
crops worldwide. Impressive, broad spectrum control of lepidopterous pests on a \ ariet\ 
of vegetable crops in the field has been demonstrated at low use rates (8.4-16.8 g ai/ha) 
(Jansson e/a/., 1997). 
Recommended rates of spinosad for the control of DBM var_\ from countr} to 
country ranging from 12 g to 50 g/ha of active ingredient (Samsudin ef al.. 1999. 
Downard et al. 2000). Harris and Maclean (19Q9) reported that four to six applications of 
spinosad @ 6-96 g/ha were made at 6-10 intervals from 3-7 weeks post transplanting to 
harvest, it have a high level of control of DBM. P. hrassicae and leaf miner lar\ac. 
Spinosad shows no effects on predatory insects such as ladybirds, lacewings. big-e\cd 
bugs or minute pirate bugs (Copping, 2001). Spinosad has moderate toxicit> \o fish but 
very little toxicity to birds and mammals (Breslin et al., 2000) and rapid breakdown in 
the environment (Thompson et al.. 2000). Villas et al., (2004) reported that the toxicities 
of indoxacarb on eggs and 5-day-old larvae of P. xylostella, on cabbage and those of 
field-aged leaf residues on 5 days old larvae were determined in the laborator\. The 
persistence and efficacies of indoxacarb and two other newer insecticides (spinosad and 
emamectin benzoate) to P. xylostella were tested under field conditions. Results from 
laboratory bioassays indicate that indoxacarb was highly toxic to P. .xylostella lar\ae 
through food ingestion, with LCso and LC90 values of 24.1 and 90.1 mg ai/1, re.specti\el>. 
However, indoxacarb had no significant effects on eggs and larvae through direct contact 
compared with water control. Almost all larvae died on day 5 after feeding on the lea\ es 
with 0 - 14day residue, and the mortalities were as high as 94 and 78 % for the 14 and 1 7-
day-old leaf residues. With one application, indoxacarb suppressed P. xylostella lar\ ae 
below the economic threshold for 14-21 days. Two field trials showed indoxacarb at 
0.05-0.07 kg ai/ha effective against P. xylo.stella, providing marketable cabbage with 
three applications per season. In addition, indoxacarb was as effective as spinosad. and 
significantly more effective than emamectin benzoate. 
Walunj and Pawar (2004) found that the treatments consisted of spinosad (Tracer 
2.8 SC) at 12.5, 15.0. 17.5 or 20.0 g ai/ha. Bacillus ihiiringiensis delta endotoxin (Hall 50 
WP) at 250 g ai/ha, all treatments significantly reduced the number of/', xvlosiella lar\ae 
and increased the yield of cabbage heads compared with the control. The spinosad 
treatments showed great potential for the effective protection of cabbage against P 
xylostella. Specifically, spinosad at 15.0 g ai/ha recorded the highest mean yield of 58.1 
ton/ha, with mean infestations of 2.3. 0.7 and 0.5 larvae/plant at 3. 7 and 10 da\s after the 
treatment. 
Syed et al., (2004) reported that among the insecticides (spinosad; Bt var. kurstaki 
and avermectin). tested on cabbage, avermectin was most effectixe when applied on 
cabbage in the first and second spray against diamond back moth, where as Bacillus 
thuringiensis and spinosad remained effective in both sprays after 96 h and during the 
seven days interval on cauliflower compared to other insecticides. It was concluded that 
Bt, avermectin and spinosad were more effective compared with other insecticides tested. 
Spinosad, Indoxacarb and Bt var. kurstaki were the most efficient in DB.M 
control and did not differ from each other in all the parameters evaluated, and these 
products provided cabbage heads with great commercial value. Hovve\ er. B. ihiiringiensis 
var. kurstaki reunited efficiency of control and low impact in the population of parasitoid. 
The pesticide spinosad caused impact in the parasitoid population in the larvae of DBM 
located in the cabbage head. The most frequent parasitoids collected in the experimental 
area were Diadegma leontiniae\ Apanteles sp.; Actia sp. and Oomyzus sokolowskii (\'illas 
et al, 2004). 
Jansson et al., (1996) found that wettable powder (WP) formulations of 
emamectin benzoate had potential for controlling lepidopterous pests on vegetables under 
glasshouse and field conditions. Ishaaya et al.. (2002) reported that emamectin is a 
macrocyclic lactone insecticide with low toxicity to non-target organisms and the 
environment, and is considered an important component in pest management 
programmes for controlling field crop pests. It is powerful compound controlling the 
cotton bollworms. A spray concentration of 25 mg ai/1 in a cotton field resulted in over 
90% suppression of bollworms and acts on various lepidopteran pests such as P. 
xylostella. T. ni, H. virescens and S. lititra. 
Kim el a!., (2008) used 1857 base pair (hp) template, amplified through PCR with 
20 mutagenic primers and produced various Cry mutant proteins by converting cry 1 Ac 
gene to a novel cry 1-44 gene, improving the insecticidal activity and host spectrum. He 
has developed ten mutants and conducted the bioassay against third-instar larvae of 
Plutella xylostella and Ostrinia nuhilalis. He found that LCsd of Mut-2 was 1.5-fold 
lower than that of Mod-Cry I Ac, in case of O. furnacalis, LCso values of Mut-4. Mut-6. 
and Mut-8 were 10- to 13-fold lower than that of Mod-Cry 1 Ac, and e\en 12- to 15-fold 
lower than that of Mut-2. with the highest insecticidal activity against P. xylostella. As a 
result, several mutant cry genes demonstrated higher insecticidal activities, such as Mut-2 
to P. xylostella and Mut-4, Mut-6, and Mut-8 to (). Jiimacalis. which might be expected 
of desirable cry genes for introduction into transgenic crops. 
Liu et al.. (2011) used resistant insects {Plutellaxylostella \...). Bt plants (broccoli 
type normal or expressing Cry 1 Ac protein) and a parasitoid (Diadegma insularc) to 
assess the performance of Bt against natural enemies and fond that there was no 
significant difference in rate of parasitism and development of D. insiilare, when 
different genotypes (^/-resistant or susceptible) of insect host larvae fed on non-j5/ 
broccoli plants. D. insulare could not discriminate between resistant and susceptible 
genotypes of P. xylostella, nor between Bt and normal broccoli plants with different 
genotypes of P. xylostella feeding on them. No D. insulare could emerge from Bt 
broccoli-fed susceptible and heterozygous P. xylostella larvae because these larvae were 
unable to survive on Bt broccoli. Beside these observations, the parasitism rate, 
developmental period, pupal and adult weights of D. insulare that had developed on Bt 
broccoli-fed Cry 1 Ac-resistant P. xylostella larvae were also not significantly different 
from those that developed on non-5/ broccoli-fed larvae. Female D. insulare emerged 
from Cry 1 Ac-resistant P. xylostella that fed on Bt plants could successfully parasitize /' 
xylostella larvae. The life parameters of the subsequent generation of D. insulare from P. 
xylostella reared on Bt broccoli were not significantly different from those from non- Bt 
broccoli. The Cry 1 Ac protein was detected in P. xylostella and in D. insulare when hosts 
fed on Bt broccoli. He concluded that Cry 1 Ac did not harm the development or host 
acceptance of an important endoparasitoid after two generations of exposure. 
Another effort was made to assess the impact Bacillus thuringiensis on insect 
natural enemies by Lumbierres (2011) using Bt maize on aphid parasitism and the aphid-
parasitoid complex in field conditions on three transgenic varieties maize varieties. He 
reported no differences in aphid abundance between Bl maize varieties and iheir near-
isogenics. The aphids, Lysiphlehus testuceipes (Cresson). Lipolexis gracilis Forster 
(Hymenoptera. Braconidae and Aphidiinae) and a parasitoid. Aphclimts sp. 
(Hymenoptera: Aphelinidae) were the prevalent parasitoids. Bt maize did not alter the 
aphid-parasitoid associations and had no effect on the aphid parasitism and 
hyperparasitism rates. He opined no harmful impact of Bl on second, third and fourth 
levels of the trophic relationships studied. 
2.4.2. Efficacy of synthetic insecticides: 
Ram and Pathak (1992) found that carbaryl. endosulfan. phosphamidon. 
dimethoate, malathion and fenitrothion were all effective in reducing /'. hrassicuc 
infestation on cabbage. Asokan et al.. (1996) found that treatments of Bt for the control of 
P. xylostella gave higher yield than did endosulfan. 
Patel et al., (1996) assessed field experiments in 1993-95 in Gujarat with cabbage 
and examined the control of L. erysimi and P. xylostella with seven insecticides. 
Endosulfan 0.035%. chloropyrifos 0.02% and Neem (Azadirachla indica) .Seed Kernel 
Suspension (NSKS) 3% were most effective in controlling the both pests. Thakur and 
Deka (1997) studied the efficacy of eleven insecticides for the control of P. hrassicae in 
cabbage at Barapani, Meghalaya. Plants were sprayed at the preheading stage and post 
heading. Overall fenvalerate gave about 100% control of P. hrassicae. followed b\ 
deltamethrin (97.3%), cypermethrin (96.8%), malathion (96.08%). fenitrothion (93.3%). 
endosulfan (92.8%) and monocrotophos (91.2%). Nagesh and Verma (1997) found that 
sequential sprayings of cartap and B. thuringiensis was effective against P. xylostella on 
cabbage. Ojha and Singh (2003) reported that endosulfan 35 EC ® 0.5 kg ai ha which 
declined the infestation from 36.65 to 33.30. 26.65 and 15.0% after seven da\s of first. 
second and third spray and yielded 200 q of cauliflower per/ha followed by Delfin WG 
{Bt) which showed reduction in infestation to a le\el of 8.30% with yield of 19()q/ha. 
Vastrad et al., (2003) found that spinosad (0.04%). Bl (biobit. 0.03 %) emerged as 
the most important insecticides for managing field population of DBM resistant to 
conventional insecticides with reduction of larval population in plots treated with these 
chemicals ranging from 57.13 to 99.99 %. Incidentally efficacy ofthe.se products resulted 
in higher yields during two field trails. Indoxacarb (0.004%) also performed well 
compared to the standard check (malathion) which recorded lowest reduction (30.6? to 
64.18 %) in larval population as well as lowest yield (498.40 to 542.70q p/ha) during 
both trials. Due to diverse modes of action these chemicals could be excellent choices in 
a rotational strategy aimed at prolonging their efficacy by delaying the onset of resistance 
development. 
Pramanik and Chatterjee (2004) evaluated the effectiveness of three synthetic 
insecticides viz.. novaluron, acetamiprid and cartap hydrochloride and two microbial 
insecticides viz.. spinosad and abaniectin against the laboratory reared third instiir J'. 
xylostella and S. litura larvae. The results showed that abamecin had the least LX%() of 
110.068 ppm for P. xylostella and 271.41 ppm for S. litura and relative toxicity was 
abamectin > spinosad > actamprid > cartp hydrochloride > novaluron. 
Kwon and Kim (2007) worked out the immunosuppressive action of p\ riproxifen 
and B. thuringiensis. in combination, against P. xylostella which showed significant 
increase compared to each single treatment (F = 10.57. df = 2. 6. p = 0.(il08) and 
advocated the synergistic interaction among Juvenile hormone and Bt as the mixture 
showed significantly higher mortality than the expected (v2 = 6.2853. df = 2. p ^ 0.0432). 
suggesting high synergistic effect of pyriproxifen on Bt pathogenicity. 
2.4.3. Mustard aphid: 
Dhura and Hameed (1990) reported that phosalone gave the maximum period of 
protection followed by quinalphos, endosulfan, malathion and fenitrothion against B. 
brassicae. Plant extracts including neem and tobacco have also been found effecti\e 
against aphids in the field (Endersby and Morgan, 1991). Upadhyay and Agarwal (1993) 
found that endosulfan, chloropyrifos, malathion. monocrotophos and phosphomidon gave 
100% mortality of L. erysimi on mustard in Madhya Pradesh. Zhu cl ai, (1 )^96) found 
91.2, 93.5 and 94.7% mortality of I. erysimi due to imidacloprid after 1. 7 and 17 da\s. 
respectively. 
Aslam and Ahamad (2001) tested the efficacy of five insecticides v/; . Confidor 
200 SL (imidacloprid) @ 100 ml/ha. Endosulfan 35 EC (endosulfan) (ct, 1500 ml'ha. 
Advantage 20 EC (carbosulfan) @ 750 ml/ha. Polo 500 SC (difenthiuron). a 500 mlha 
and trebon 30 EC (ethophenprox) @ 500 ml per ha against mustard aphid. L. crvsimi 
(Kalt.) during February 2000 on mustard (Brassica compeslris L.). turnip (Brussica rapu 
L.) and radish {Raphanus sativus L.). All the insecticides effectively controlled the aphids 
on all the three crops; however Confidor, Endosulfan and advantage application resulted 
in better control on mustard. On turnip and radish. Confidor was better than other 
insecticides. Maximum mortality (76 to 97%) of aphids resulted three da\s alter 
application of most of the insecticides on mustard and turnip, whereas on radish, most of 
the insecticides gave higher mortality (84 to 98 %) on seventh da\ after application. 
Where no insecticide was applied, aphid population increased 5.22. 5.15 and ."^ .74 times 
during the study period (10 days) on mustard, turnip and radish, respectixely. 
Sreekanth and Ramesh babu (2001) reported imidacloprid 0.02 % sprav as the 
most effective treatment in suppressing the aphid population (83 %) on 
cabbage. Rajendra and Anand (2001) assessed imidacloprid applied as foliar spra\ 
(Confidor 200 SL. 20 and 40 g ai/ha) to control mustard aphid in crucifer crops and found 
it to be safer for crop protection, consumption and environmental contamination point of 
view. Meena and Lai (2004) tested bioefficacy of different insecticides against mustard 
aphid, L. erysimi on cabbage in descending order was imidacloprid (0.01 %) > 
endosulfon (0.07 %) > cartap hydrochloride (0.05 %)), out of these imidacloprid proved 
most effective. Bhavani and Punnaiah (2006) found that endosulfan 35 EC (0.07 %) and 
neem oil 100 EC (%) recorded 72.48 % and 73.41 mean per cent reduction over control 
ofL er^ww/respectively. 
Ester et al., (2003) carried out four field experiments between 1999 and 2001. to 
assess the protection against cabbage aphid (Brevicoryne hrussicae) in white cabbage and 
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cauliflower crops by filmcoating the seed with insecticide. Filmcoating with spinosad 
was ineffective at controlling cabbage aphid, whereas it gave a good control of cabbage 
root fly larvae and caterpillars at rates of 24 and 48 g ai/100,000 seeds. Imidacloprid was 
ineffective in controlling cabbage root fly larvae and caterpillars whereas it gave a good 
control for cabbage aphids at a rate of 70 g ai/100,000 seeds. The combined application 
of spinosad and imidacloprid as a film coating on seeds is an en\ ironment friendly 
alternative for protecting brassica crops against pests that occur frequently. 
Neonicotinoids are called so because they mimic nicotine in their mode of action. 
These are very good systemic insecticides, against sucking pests like jassids. aphids, 
whitefly and thrips. It includes Imidacloprid. acetamiprid and thiamethaxam. 
Imidacloprid and thiamethaxam can provide protection for 30-35 days after sowing 
against sucking pests when used as seed dresser. Imidachloprid. first generation 
neonecotinoid, belonging to chloronicotinyL is systemic in action. It is used both for 
foliar and seed treatment application. It has got wide efficacy against sucking pests. Its 
mode of action involves interaction with nicotinic acetylcholine receptors atfeciing 
spontaneous nerve activity, thereby killing the insect by binding to receptor site for the 
neurotransmitter acetylcholine, due to uncontrolled firing of nerves. It is available in the 
market in the trade of Confidor 200 SL used for foliar spray and is recommended at the 
rate of 20-25 g ai/ha and in the trade name of Gaucho 70 WS used for seed treatment a 
10 g/kg seed (Vijayakumar ei ai. 2004). 
Thiamethaxam, second-generation neonicotinoid belonging to chlorothiazole 
heterocycle with an oxadiazinane ring is a broad spectrum sxstemic Insecticide. 
Immediately after spray it is absorbed by the plants and thus gives longer protection to 
the sprayed crop. Besides, rains do not easily wash it away in case it rains after a few 
hours of spray. It provides excellent control of wide range of sucking insects such as 
aphids and jassids in Cotton; hoppers in Rice and sucking insects like aphids, jassids in 
fruits and vegetable crops. It also effectively controls whiteflies and thrips. It is available 
with the trade name of Actara 25 WG for foliar spray, recommended at the rate of 40-80 
g ai/ha and Cruiser 70 WS*' for seed treatment at the rate of 0.7-2.8 g ai/kg of seed 
(Vijayakumar et ai, 2004). 
2.4.4. Natural enemies: 
Chaudhary and Ghosh (1982) observed that endosulfan (0.04%) followed by 
demeton-methyl (0.025%) appeared to be safe against the predator (". ircin.svcrsalis 
besides giving good control of I. erysimi. P. xylosiella and C. hinolali.s on mustard. Fhe 
toxicity of endosulfan and toxaphenc treated individuals of B. hrassicae were found 
safest to the predator C. septumpimctatcu while trithion, malathion mixed with 
fenitrothion and ethion were found to be the most toxic to the predator (Shanna and 
Adlakha, 1986). Malathi et ai, (1999) reported that Bt can be used either to control DBM 
and other lepidoptera in the pest complex in Cabbage. Use of 5/ in cabbage was found lo 
be safer to C plutellae. 
Hill and Foster. (2000) evaluated the toxicity of insecticides to adult D. insulare 
(Cresson) and its host diamondback moth. P. xylosiella (L.j. Leat'-dip and direci-dip 
bioassays for diamondback moth larvae and residual bioassays for adults of diamondback 
moth and D. insulare were used to assess mortalities. Larval mortalities at field rates 
were significantly higher with carbaryl. permethrin. spinosad. and tebufenoz-jde when 
compared with B. thuringiensis or imidacloprid in the larval-dip bioassa) 72 hr after 
treatment. In the leaf-dip and residual bioassays, both permethrin and spinosad caused 
100% mortalities to diamondback moth larvae and adults, respectively. 72 hr after 
treatment. Of all the materials tested, only B. thuringiensis and tebufenozide were not 
toxic to D. insulare 24 hr after treatment. Spinosad was not toxic to D. insulare 30 mm 
after treatment. However. 100% mortality was observed 8 hr after treatment. 
The laboratory studies on predators have frequently used products based on 
tebufenozide (moulting hormone agonist. IGR). imidacloprid (chloronicotinoid). or 
azadirachtin (botanical) for comparison. The performance of spinaosad was found to be 
similar to tebufenozide and azadirachtin. and less toxic than imidacloprid (Medina el al.. 
2001). It was reported that spinosad showed an impact on predator populations similar to 
indoxacarb (Sansone and Minzenmayer, 2000; Scholz et ai, 2002). 
Spinosad has consistently been reported to be more harmful to parasitoids than 
indoxacarb (Nowack et al., 2001). Whereas Cleary and Scholz, 2002 reported that the 
toxicity of spinosad was close to the toxicity of pyrethroid insecticides. 
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Williams et al., (2003) reported that spinosad is classified as an enxironmentally 
and toxicologically reduced risk material and has been embraced by IPM practitioners as 
a biorational pesticide and examined the available information on the impact of spinosad 
on natural enemies and classified mortality responses to spinosad using the lOBC 
laboratory and field scales that run from 1 (harmless) to 4 (harmful). Predators generally 
suffered insignificant sub-lethal effects following exposure to spinosad. whereas 
parasitoids often showed sub-lethal effects including loss of reproductixt- capacitx. 
reduced longevity etc. All studies agreed that spinosad residues degrade quickly in the 
field, with little residual toxicity at 3- 7 days post applicadon. 
Effect of field dosages of selected in.secticides to C. plufellae (lar\al 
endoparasitoid of P. xylostella) was investigated under laborator\ conditions. E mergence 
of adult C. phitellae from insecticide-treated pupae was not significant!) different from 
the control treatment. Contact toxicity to C. phitellae adults \aried greath among the 
insecticides in a paper residue contact bioassay. Three azadirachtin-based insecticides. 
.A.groneem (4.8 mg ai/liter). Neemix (20 mg ai/liter) and Hcozin (20 mg ai;littr) caused 
11.1, 16.7 and 5.6% adult mortality, respectively. Of four commercial B. ihuringicnsis 
(Bt) insecficides examined (all at 1.2 mg ai/liter), had no effect on adult parasitoids. 
whereas Match caused 5.6% mortality, and Dipel caused 11.1% mortality. Indoxacarb 
(53 mg ai/ liter), p-cyhalothrin (28 mg ai/liter) and spinosad (53 mg ai/liter) caused 100. 
88.5 and 50% adult mortalifies, respectively. B.t insecticides and indoxacarb. compared 
with 100% adult mortality in treatments of spinosad or P -cyhalothrin. Compared with the 
water control, ingestion of azadirachtin-based insecticides significant!) reduced 
parasitism by 50-57%. and Bt insecticides by 8-25%. Insecticide residues caused 
considerable mortality of C plutellue adults. 39 and 44% mortality caused by 10 days old 
indoxacarb and p -cyhalothrin, respectively, and 24 and 0% mortality caused by 7 and 10 
days old residues of spinosad, respectively (Liu et ai. 2007). 
Maxwell and Fadamiro (2006) evaluated reduced-risk insecticides for management of 
three lepidopteran cole crop pests, P. xylostella. P. rapae, and T. ni. The following 
formulated sprays were evaluated: Dipel® (Bacillus thuringiensis var. kursatki). 
XenTari® {B. thuringiensis var. aizawai), Dipel+XenTari (a premixed test formulation 
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consisting of both subspecies of B. thuringiemis). Entrust® (a formulation of spinosad 
for use in organic crop production), and Novaluron (insect growth regulator). All five 
reduced- risk insecticide formulations had no significant effects in the numbers of spiders 
and lady beetles found per plant. Bhavani and Punnaiah (2004) reported that endosuifan 
35 EC (0.07 %) and neem oil 100 EC were safer to Coccinella population in cabbage 
ecosystem. 
2.5. Pesticide residue in cauliflower: 
2.5.1 Itnidacloprid seedling dip treatment: 
Imidaclopride belongs to a new chemical group of chloronicotinyl whose 
mode of action differs from that of conventional insecticides. As a result, it is also 
effective against pest population that are resistant to organophosphats. carbamates and 
pyrethroids (Altmann and Elbert. 1992). ihe excellent systemic propert} made it 
particularly suitable for seed treatment but also for granular and foliar applicaiion. 
Field and laboratory studies on translocation of imidacloprid in potato plants 
showed the highest adult mortality of Leplinotarsa decemlinata upto 30 (.lays after 
treatment (Indice el al.. 1997). 
Gopal et al., (1997) studied the efficacy of imidacloprid as seed dressing agent tor 
the control of Bern is ia tahaci and yellow mosaic virus in black gram and so\abean and 
reported reduced population of aleyrodidae and higher grain yields. 
Imidacloprid has been found effective when applied as seed treatment aganst pest 
complex of oat, wheat, barley, sorghum, cotton, sugarbeet. chilli, okra and brinjal 
(Gourmet et al., 1996; Mote et al., 1995; .farande and Dethe, 1994; Rike ei al.. 1993). 
2.5.2 Foliar application: 
Srinivasan and Rao (1987) reported that larvae of P. xylostella had a random 
distribution on cabbage during early stages of infestation but later their distribution 
became aggregated. Larvae of C. hinotali.s had an aggregated distribution throughout 
crop growth of cabbage. Rai et al., (1992) observed the aggregate distribution of larvae 
of P. xylostella on cauliflower at Panipat, Jaunpur, Ranchi and Delhi. Singh et al.. (1993) 
showed that population of aphids, B. brassicae, L. erysimi and M. persicae. followed a 
negative binomial distribution. 
Rouchaud et al., (1994) studied the transfer of imidacloprid to sugarbeet leaf 
when applied as seed dressing (a) 9Q g ai/ha and reported high concentration of 
imidacloprid in young plant leaves. Concentration decreased due lo plant grovvlh and 
metabolism in the leaf as the time elapsed. The imidacloprid cocentration was greater in 
the field recently treated with organic fertilizers and was greater than or equal to ! g kg 
upto 80 days after sowing .No residues were detected in the roots and leaves at har\ est. 
Tamilsevan (1994) determined the residues of alphamethrin and its break down 
products in cotton resulting from the application (w 20, 40 and 80 g ai/ha 'Cwt times at 15 
days iterval commencing at 45 days after sowing. No detactable residues were found in 
seed as well as in oil at harvest while at lint, sample residues ranged from 0.1-0.4 ppm. 
Its break down products viz.. m-phenoxybenzylalcohol and cis-cypermethric acid were 
also present. 
Ishii et al., (1994) and Iwaya et al.. (1998) studied the behaviur of imidacloprid 
residues in rice when treated with granules (2%) V? 200 g ai'ha at 2-3 leaf stage and 
reported their rapid decrease with a half life of less than three da\s. Hov\e\er. the 
treatment controlled the brown plant hopper (BPH) in rice up to 60 days after application 
with the marginal cocentration of 0.01 mg/ kg for practical control. Since residues 
concentration was 2-8 times higher in the leaves than in sheath during the testing period. 
the insecticide moved to leaves acropetaly. 
Wang et al., (1995) reported that the population of Z. erysimi on brassicaceae in 
China was aggregated throughout the year on all crops, but the intensity of aggregation 
changed seasonally. Choi et al., (1996) reported that B. hrassicae and M. persicue 
showed clumped distribution throughout the growing season where as P. xvloslella 
showed random or clumped distribution depending on population density. Reddy el al.. 
(1996) reported aggregated nature of distribution of P. xylostella larvae throughout the 
cabbage growth at Hyderabad. 
Westwood et al, (1998) studied the presence of 14C-imidaclopride in sugarbeet 
plant, following application to pelleted sugarbeet seeds. He found that at 21 days after 
application, parent imidacoprid was the main compound found in leaves and its 
concentration averaged 15-2 \xglg fresh weight. At 97 days after sowing, the 
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Materials and Methods 
3. Materials and methods 
All the field and laboratory experiments were conducted at Indian Agricultural Research 
Institute, New Delhi. The study was carried out during rahi seasons of 2006-07 and 2007-
08 selecting Brassica oleracea var. hotrytis (L.) as main crop besides taking Brassica 
oleracea var. capitata (L.). 
General geographical and meteorological information of experimental site: 
The Indian Agricultural Research Institute is situated at 28" 35" N latitude, 77'' 12" 
E longitude and at an altitude of about 227 m above the mean sea level of Arabian Sea. 
The climate is semi arid and sub-tropical type with extremes of weather conditions. 
Summers are hot and dry. May and June being hottest months with the maximum 
temperature ranging from 41 ''C to 45 "C. Winters are severe with minimum temperature 
varying between 4 °C to 7 °C during January. The mean annual rainfall is around 740 
mm. nearly 80% of which is received during July and September. The winter rains also 
common but their intensity, amounts and duration are uncertain. The mean maximum 
evaporation nature ranged between 12.4 to 16.8 mm during May - June and minimum 
between 2.2 to 2.3 during December-January. The mean wind speed varies from 0.7 to 
16.1 km/hr during October to April. 
During experiment period, the weekly mean meteorological data on maximum 
and minimum temperature, relative humidity (%). rainfall (mm), sunshine period and 
wind speed were obtained from the meteorological observatory of Nuclear Research 
Laboratory (NRL) of the Institute. New Delhi. 
Experimental details: 
3.1. Determination of status of insect pests of cole crops, their natural enemies and 
current management practices: 
For determination of current status on the insect pests of cole crops, the study was 
conducted during 2006-08, in and around Delhi region. Four places v/r., Najafgarh. 
Jarudankalan-I, Jarudakalan-II and Teekrikalan were selected within the surroundings of 
10-15 km from lARI. In these places cauliflower occupies most of the cultivable fields as 
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the main crop during August to April. In each place, four plots measuring 10 m x 5 m 
were selected randomly and the data were collected at weekly interval till the harvest of 
crop between 8 am. Field scouts were conducted weekly between 8 am to 11: 30 am. 
Observations were taken from five tagged plants replicated thrice per plots of each 
region. Besides this, interviews were also conducted every week with at least tour 
farmers, to know about the ongoing plant protection measures and other agricultural 
practices. 
3.2. Determination of seasonal incidence and distribution pattern of insect pest and 
their natural enemies: 
The plots intended for collection of data on the incidence of pest and its parasitoid 
were kept free from insecticidal sprays. The larval counts of P. xyloslel/a (L.) were 
recorded from twenty randomly selected plants each time in each cropping season. 4 total 
of 15 counts were taken during the crop growth period. In addition to this count, the 
bracconid parasitoid Cotesiaplulellue (Kurd.) cocoons on DBM were also recorded. 
3.2.1. Spatial distribution of insect pests: 
The pesticide free cauliflower crop was raised in an area of 5 m x 4m replicated 
four times during both the years. Twenty plants were randomly selected and then tagged 
for observations on major insect pest and their natural enemies. The observations were 
taken at weekly interval throughout the cropping season. The counts were tlrst 
summarized in a frequency distribution. Initially the figures were placed in numerical 
order and then grouped into frequenc) classes. Number of plants that fall into a class was 
the class frequency (f). This way, the frequency simply recorded the number of sampling 
units (plants) containing the same number of insects. 
The formula for the mean (X) of the sample containing 'n" sampling units can be 
applied as under calculated below 
X= 
n 
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The variance (S ) of the sample is given by 
I(fe^) - [ I (fe)^  / n] 
S2= 
n-1 
The study on the pattern of distribution of pest population was accomplished 
following statistical techniques: 
a. Variance-mean ratio (S^/x): 
Mean (X) and variance (S^) were worked out for each set of observations 
following usual statistical procedures. The distribution pattern was indicated random 
when X = S^ aggregated if X < S^  and regular if X >Sl 
b. Negative binomial distribution (NBD): 
The variance of the population is usually greater than the mean (S" > X) and the 
population is clumped or aggregated. Negative binomial distribution is often suitable 
model for such situations (Bliss and Fisher, 1953). 
The negative binomial is the mathematical counterpart of positive binomial and 
therefore, the probability series is given by expansion of (q-p)* .^ where p = m/k and q = 1 
+ P. The parameters of this distribution are mean X and exponent K. The reciprocal of 
exponent "K" i.e. 1/K is a measure of the excess variance or clumping of the individuals 
in a population. As 1/K approaches 0 and K approaches infinity, the distribution 
converges to the Poisson series (S^ = X). Conversely, if clumping increases IK 
approaches infinity, K approaches zero, the distribution converges to the logarithmic 
series (Fisher et al., 1943). 
The exponent (K) which is also known as the dispersion parameter was calculated 
by the formula 
K = 
S 2 - X 
The values of K below 8 indicate negative binomial or aggregated distribution 
(Southwood, 1978). 
c. David and Moore's index (S^ / X - 1): 
It is worked out by the equation S" / X - 1 when this value equals zero, the 
distribution refers to random, if less than zero it is regular and if it is more than zero ihen 
distribution is supposed to be contagious. 
Indexof Lexis = 
In case of random distribution, the value of this index is unity and the departure 
towards either indicates regularity or contagious nature, respectively. 
d. Charlier's coefficient: 
100 S^  - X 
Coefficient = 
In case of regular distribution the value of this coefficient will be imaginarx. 
whereas at zero coefficients the distribution is said to be random and if it is significantU 
more than zero, then it would refers to contagious nature. 
e. Llyod index of mean crowding: 
X* = X + ( S 2 / X - 1 ) 
Lloyd (1967) developed an index of mean crowding (X). The ratio of mean 
crowding to mean density is a suitable measure of patchiness. When mean crowding is 
regressed against mean density, the value of slope is more than one in case of contagious 
distributions at higher densities. 
f. Lloyd patchiness index: 
If the ratio of mean crowding (X) to mean (XI) was compared X / X1 = 1 + 1 / K 
It can be seen that the reciprocal of K is the proportion by which mean crowding 
exceeds mean density. 
Patchiness index describes how many times crowded individual is on the average, 
as it would be if the same population had a random distribution. The values of patchiness 
index < 1 indicate an aggregated distribution, if patchiness = 1, a random distribution and 
patchiness < 1, a regular distribution. 
3.3 The details of field experiments: 
The seedlings of Brassica nieracea var. hotrytis (Caulitlower) \ariet> h>brid 
suttind number SCH-3333 were transplanted on November 7 in rahi season 2006-07 and 
2007-08. The field experimental statistical design was Randomized Block Design, each 
having plot size of 5 x 4 m (20 m )^ with four replications. The plot to plot distance was 
kept as 0.5 m and 1 m between the blocks. Irrigation channels of 1.5 m wide were 
provided along the replication blocks. The total numbers of plots were 40 in 4 blocks thus 
comprising 10 plots in each block, all the plots under study were accommodated in a total 
area of 1045 m'. Each plot had 6 rows, having row-to-row distance of 60 cm apart. 
3.3.1 Efficacy of Bt var. aizawai and new insecticide on laboratory reared 
population of diamondback moth under natural condition: 
The experimental field was exposed to artificial and natural infestation. F:\er} ten 
plants of each replication were covered by mosquito nylon net (60 mesh) 2 x 3 \ 2 m size 
to prevent the natural infestation. One strip of 5 cm x 1 cm Paraffin wax paper containing 
approx 20 eggs was stapled on each of randomly selected five plants. Nine insecticides 
were tested by single spray for their efficacy against lab population of P xyiostellu 
during the rabi seasons of 2006-07. There were ten treatments which included Bt. \ ar. 
aizawai @500 g, 1000 g, and 1500 g, August -5 @800 g. Indoxacarb 14.5 SC @ 50 g 
a.i. Spinosad 45 SC @ 50 g a.i. Fipronil 5 SC @ 75 g a.i, Cypermethrin 25 \iC a; 60 g 
a.i, Micocyn-505 @ 450 g a.i and control (unsprayed). The details of treatments ha\e 
been presented in table (23). 
3.3.2. Comparison of simulated ^/-transgenic cauliflower with current insect pest 
management 2006-07 and 2007-08. 
Three treatments comprising Bt. var. aizawax in different concentration v/r., 500 gm 
(Model-I), 1000 gm (Model-II) and 1500 gm (Model-Ill) were sprayed fne times at 
weekly interval to mimic Bt. transgenic cauliflower. The other treatments included 
August-5 @800 g (fi/-isolate), Indoxacarb 14.5 SC @ 50 g a.i. Spinosad 45 SC a 50 g 
a.i. Fipronil 5 SC @ 75 g a.i. Cypermethrin 25 EC di] 60 g a.i. V1icoc_\n-505 
(Chlorpyryphos 50 % + Cypermethrin 5 %) @ 450 g a.i and control (unspra\ed). 
a. Observations: 
In both the seasons of year 2006-07 and 2007-08. the population count.s of insect 
pests and their natural enemies were recorded on five randomly selected plants in each 
plot replicated four times, one day before spraying thus forming the pre-treatment counts 
subsequently. The treatment counts were taken after one. three, five, seven and fifteen 
days of each spray. The per cent reduction of pest population over control was calculated 
using modified Abott's formula (Abbott, 1925) as by proposed Fleming and Rctnakaran. 
(1985). To record yield data, the mature caulifiower were harvested from indixidual plots 
and weighed separately. The yield obtained in the net area of each treatment uas 
recorded. 
The formula for calculating per cent population reduction was applied as under 
Post-treataent popiilation Pfe-tteatment Population 
Percentage of m treatment X m control 
population = l-[ ] X 100 
reduction Pre-lreatment population in X Post-tJreatment population 
treatment in control 
b. Agronomic practices 
The experimental field was disc ploughed twice and leveled before transplanting 
of seedlings. The recommended fertilizer dose of (120 kg N, 80 kg P2O5 and 40 K2() 
kg/ha) was applied in the form of Urea, Single Super Phosphate and Mureate of Potash 
respectively. Half the dose of Nitrogen, entire dose of Phosphorus and Potash were 
applied as basal dose and the remaining nitrogen was applied a month after planting. 
Seedling was planted with a spacing of 60 x 40 cm at the rate of one seedling per hill. 
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Four days after planting, gap filling was done. The plots were irrigated usually at 10-15 
days interval. Hand weeding was done periodically to keep the field free from weeds, 
c. Insecticidal requirement: 
Bt var. aizawai and Bt -isolates (August-5. Almora) used in experiments were 
available as wettable powders while other insecticides were available in liquid form. For 
5r-isolates, 0.1% triton-x was used and for remaining insecticides water was directly 
added to them to get desired concentration. The insecticidal requirement per liter of water 
was calculated using the formula given below: 
Concentration required 
Amount of insecticides used/lit of water = X 1000 
Per cent active ingredient 
d. Timing and method of application: 
In all treatments, spray was given at the time when lar\al population of DBM 
reached 9- 12 larvae/plant under natural condition and 6-9 larvae/plant under protected 
condition, the pesticidal application was initiated using hydraulic knapsack spra> er in 500 
liter water per hectare. 
e. Statistical analysis: Field data 
The data obtained on number of larvae/ plant was transformed to per cent 
reduction using Abbott's formula then was subjected to statistical analysis eniplo\ing 
Analysis of Variance (ANOVA) for comparison of treatment means as described b\ 
Sndecor and Cochron (1968) and Panse & Sukhatme (1978). Data recorded in per cent 
figures were transformed to arc sine values before subjecting it to statistical analysis. 
While studying the influence of abiotic factors on the incidence of DBM (P. xylostelki) 
throughout the cropping season, correlation-matrix and multiple regression analysis were 
employed to observe the individual as well as cumulative effects o\^ different weather 
factors viz., maximum and minimum temperatures (^C). relative humidity (%) during 
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morning hours (0700 hr) and afternoon (1400 hr), rainfall (mm), wind speed (km/hr) and 
sunshine period (hr/day). 
3.4 Screening of ^/-cauliflower and Bt-cabbage germplasm against P. xylostella and 
H. armigera: 
Sixty nine different germplasm of Bl cauliflower and cabbage were grown at 
greenhouse owned by Nunhems India Pvt. Ltd., Bilaspur. Gurgaon. 
The experiment was conducted in a Completely Randomized Block Design with 
three replications. Thirty-day old seedlings with spacing of 60 x40 cm were transplanted 
during September, 2006. The cultural practices except plant protection measure were 
followed as per the crop production recommendation for horticultural crops (Anonymous. 
1998). 
When plants became 4-5 weeks old. about 30 eggs from the susceptible colon;. 
were placed on to each plant and after 6 days the per cent damage on lea\es b> lar\ae 
were assessed on the basis of grades and ratings as per gi\en b\ screening of Di 
cauliflower and cabbage germplasms against P. xyloslelki and H. armigera b} Mishra c/ 
a/., (1988). 
Grade Designation Percent leaf damage score 
1 Immune 0 
2 Highly resistant 1 
3 Moderately resistant 2 
4 Tolerant 3 
5 Susceptible 4 
6 Highly susceptible 5 
All the Bt germplasm were also for screened for Helicoverpa armigera through 
leaf bio-assay. Procedure described by Tabasmith and Gushing (1987). Leaf discs of 6 cm 
diameter were cut covering either side of midrib from 4-5 week old germplasm 
maintained in greenhouse. Leaf disc were placed slantingly so that the larvae could mo\e 
and feed on either side. Ten neonates were released on each disc and container was 
covered with cap. 
37 
3.5. Laboratory studies: 
3.5.1 Insect culture: 
Field collected larvae of DBM were reared on cauliflower leaves at 27^ 2 "C. 60 
% R.H. with a photoperiod of 14:10 (LD). Aligarh and Hyderabad strain were maintained 
in the laboratory, without exposure to any Xenobiotics. Larvae of the field population 
used in bioassays were mostly F2 and F3 generation. Adequate precautions were taken to 
minimize the spread of viral disease in the culture through sterilization viz., h\ keeping 
all glassware in laminar flow chamber ten 30 minutes and cleaning with 70% alcohol. 
Pupae from the culture were placed in a plastic jars which were lined with filter paper. 
Adults were provided cotton swab of 10% honey solution enriched with one vitamin "E" 
capsule and \% multi vitamin solution prepared in 100 ml of (10%) honey solution as 
food. Newly emerged adults at the sex ratio of 1:1 were kept in mating plastic jar and 
covered with muslin cloth. Fresh cauliflower leaves (for oviposition) and hone\ solution 
was regularly given to the adults. The top of jar was covered with a muslin cloth to axoid 
the escape of adults. Container was kept in a dark place to induce mating and egg la\ ing. 
Oviposited leaves were taken out and replaced with fresh leaves. 
3.5.2 Bioassays: 
Cauliflower leaf disc method of bioassay was carried out in accordance with the 
description made by Tabashnik et al.. (1987). Initially cauliflower leaves were washed 
with distilled water containing 0.1% Triton X-100, and then dried for about 1 hour. 
Cauliflower disc (5 cm diameter) were cut with a metal punch and then dipped in a test 
solution prepared with distilled water containing 0.1%) Triton X-100 to facilitate uniform 
treatment with successive concentrations viz., 0.01, 0.1,1.0, 2.0 and 2.5 ppm each. The 
leaves were dipped for 30 seconds in respective concentration of insecticides and leaf 
disc were placed slanting to dry the test solution for about 2 hour at room temperature. 
Then, two day old second instar larvae were released on each disc in an indi\idual 
petriplate. At least 10 serial dilutions of each insecticide were used with 5 concentrations. 
Larvae were allowed to feed on the treated leaf disc for 72 hour at 28 "C before being 
checked for mortality against control. Bioassay with more than 10 per cent mortality in 
the control and heterogeneity on the basis of Chi-square test of significance were 
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discarded. The larval mortality, observed after 24, 48 and 72 hr of treatment, was 
corrected for control mortality with Abbott's formula. 
3.6 Bioassay procedure for Insect Growth Regulator: 
Cauliflower leaves from the culture field were thoroughly washed and dried under 
shade for removing excess moisture. The leaves were then dipped for 30 seconds in 
respective concentration of insecticides and subsequently excess fluid was drained off. 
Third instars larvae were released on treated and untreated dry leaves in each of 
petriplates. The treatments were replicated thrice having 10 larvae per replication. 
Mortality was recorded after 24, 48-and 72 h of exposure. In order to calculate the LCM) 
and ECso (Effective concentration for 50% cumulative pupal mortality after 48 hrs of 
feeding), the larvae treated with novaluron were transferred to fresh caulifloxver lea\es 
regularly. The observation on larval, prepupal and pupal mortality and malformations if 
any were recorded. I.Cjo and ECso values were estimated by subjecting the data to probit 
analysis (Finney. 1971) using Maximum Liklyvvood Program (Ml P) software. Conirol 
mortality less than 10% was corrected using Abbott's formula. 
3.7 Residue analysis: 
3.7.1 Sampling: 
Samples of five curds were collected from each treated plot at different time 
interval viz., 5, 8 and 15 days after each spray. The samples from different replications 
were chopped and mixed thoroughly and a representative sample of 50 g was used for 
residue estimation. 
3.7.2 Determination of insecticidal residues: 
Residues in/on cauliflower curds were determined at different intervals replicated 
twice. Residues of indoxacarb, mycocin (cypermethrin and chlorpyriphos), cypermethrin 
and fipronil were estimated by Gas liquid chromatography (GLC), whereas the residues 
of spinosad and imidacloprid were estimated by High Pressure Liquid chromatography 
(HPLC). 
3.7.3 Preparation of Standards: 
Stock solution of 1000 |ag/ml of indoxacarb. chlorpyriphos. cypermethrin and 
fipronil were prepared in acetone and from the respective reference standards 99 % 
purity. Further dilutions were made in hexane. Standard solution of imidacloprid and 
spinosad were prepared in acetonitrile and further dilutions were also carried out with 
acetonitrile. The stock solutions were serially diluted to lower concentrations. 
3.7.4 Sample processing for indoxacarb, mycocin (cypermethrin+chlorpyriphos), 
fipronil and cypermethrin: 
Year: 2006-07 
The seedling of hybrid variety (suttind no. SCH-3333) of Bra.ssica oleracea \ar. 
botrytis (Cauliflower) was transplanted on November 7 in ruhi season 2006-07 using 
Randomized Block Design, with each plot ha\ing size of 5 \ 4 ni with four replications. 
The plot to plot distance was kept as 0.5 m and 1 m between the blocks, irrigation 
channels of 1.5 m wide were provided along the replication blocks. The total number of 
plots was 40 in 4 blocks with 10 plots in each block; all the plots were accommodated in 
a total area of 1045 square meter. Each plot had 6 rows 60 cm of row to row distance. 
Over all, there were ten treatment viz.. Bt. var. aizoMxii @500 g. 1000 g, and 1500 g. 
august-5 @ 800 g, indoxacarb 14.5 SC i@ 50 g ai/ha, spinosad 45 SC (a 50 g ai ha. 
fipronil 5 SC @ 75 g ai/ha, cypermethrin 25 EC @ 60 g ai/ha. micoc\n-505 'a) 450 g 
ai/ha and control (unsprayed). The details of treatments are given Table 23. 
Year: 2007-08: 
During 2007-08, some treatments were altered from 2006-07 experiment due to 
heavy aphid infestation which is also considered as a major pest after DBM. Keeping this 
in view, additional treatments were taken to manage aphid population. Imidacloprid. 
dimethoate, almora (5^isolate) were used as a replacement of 5/ var. aizcnrai a 500 g ai. 
micocyn and cypermethrin, besides these new treatments, indoxacarb. spinosad. august-5 
(^/-isolates), fipronil, model-I (Bt var. aizawai-lOOO g), Model-II (Bt var. aizawai-1500 g 
ai) followed by control. 
Details on pesticide application: 
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Treat-
ments 
Name of insecticides 
and combinations 
Trade 
name 
Quantity 
of spray 
fluid used 
in g ai/ha 
Sampling 
da>s 
2006-07 
T2 Spinosad Tracer 50 5. 8 and 15 
T3 Indoxacarb Avaunt 50 5. Sand 15 
T4 Mycocin (Chlorpyriphos 
50%+Cypermethrin 5%) 
Mycocin 450 5, 8 and 15 
T5 Cypermethrin Coh 60 1 5,8 and 15 
T6 Fipronil Regent 75 5.8 and 15 
T7 Untreated 
2007-08 
T, Spinosad Tracer 50 5, 8 and 15 
T2 Indoxacarb Avaunt 50 5, 8 and 15 
T3 Mycocin (Chlorpyriphos 
50%+Cypermethrin 5%) 
Mycocin 450 5. 8 and 15 
T4 Cypermethrin Coh 60 5. 8 and 15 
5. 8 and 15 " T5 Fipronil Regent 75 
T6 Dimethoate Rogar 187 5. 8 and 1 5 
T7 Imidacloprid Confidor -^25 J 5. 8 and 15 
5, 8 and 15 
lODAl" 
T7 Untreated control j 
_ 
Seedling root dip treatment 
Tl Imidacloprid Confidor 0.01% 
3.7.5 Sample processing: 
3.7.5.1 Indoxacarb, Mycocin (Cypermethrin and Chlorpyriphos), fipronil, and 
cyprmethrin: 
a. Extraction and clean up: 
The cauliflower curd was cut into small pieces and representative 50g sample in 
duplicate was drawn. The sample was transferred to the jar of the mixer grinder and 100 
ml distilled acetone was added. Further, it was macerated for three minutes and filtered 
through whatman filter paper No.l using buchner funnel. The solid residue was 
transferred back to the jar and process of extraction was repeated twice using fresh 50 ml 
Acetone. The acetone extracts were combined and concentrated. The extract was 
quantitatively transferred to separatory funnel, diluted with 100 ml (10%) aqueous 
sodium chloride solution and partitioned thrice with dichloromethane (50 ml each). The 
dichloromethane phases were combined, passed through anhydrous sodium sulfate and 
concentrated to 1 -2 ml using rotary evaporator. 
The extracts were cleaned by Adsorption Column Chromaiograph\ using silica 
gel as absorbent. Cotton wool was plugged at the bottom and 50 ml hexane was added 
and then 10 g sodium sulphate, which was allowed to settle down. This was followed by 
the addition of silica gel (10 g) and anhydrous sodium sulfate at the top. The column was 
washed with 70 ml distilled hexane. The dichloromethane extract was concentrated to 
dryness, residue dissolved in 1-2 ml hexane and loaded on the column using small 
portions of hexane. For cypermethrin, spinosad, indoxacarb and mycocin the column was 
eluted with a mixture of hexane and acetone (9:1), while fipronil was eluted with a 
mixture of hexane and acetone (4:1). 
b. Imidacloprid and Spinosad: 
For this cauliflower curds were cut into small pieces and from 50g representatixe 
sample was taken into beakers. The samples were quantitatively transferred in to blender 
jar along with addition of 100ml acetone. The contents were macerated for 3 min and 
filtered through Buchner funnel. The solid residue was transferred back to the jar and 
extraction was repeated two more times with fresh 50 ml acetone. The extracts were 
concentrated to remove acetone. The remaining aqueous phase was diluted to about 200 
m! by adding 5% aqueous sodium chloride solution and then made acidic b\ adding 2 ml 
concentrated hydrochloric acid. The acidic aqueous phase was portioned thnce with 50 
ml n-hexane and the hexane phases were got discarded. The aqueous extract was ihen 
made alkaline by adding sodium hydroxide solution. The residues of imidacloprid were 
extracted by partitioning with dichloromethane (3 x 50 ml). The dichloromethane extracts 
were passed through anhydrous sodium sulphate and concentrated to dryness. The 
samples were passed through a short column of neutral alumina before their estimation. 
The residues were dissolved in 5 ml HPLC grade acetonitrile for HPLC analysis. 
b. Estimation of residues: 
c. Gas liquid chromatography:-
Residue of indoxacarb. cypermethrin, fipronil and mycocin (cypermethrin and 
chlorpyriphos) were analyzed on 5890 series II Gas Liquid Chromatograph (GLC) 
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equipped with electron capture detector using CP Sil 5 CB (25 m x 0.25 mm x 0.25 f.tm) 
column. The operating conditions were; Temperature detector-A 280 "C. Injector A- 260 
T , Detector B- 280''C and Injector B-260"C. The Column was programmed as 2 0 0 \ ' -8 
min increased @ 15 min to 280 "C. The carrier gas was highly purified nitrogen at a flow 
rate of 2 ml/minute. Under these conditions, the retention time ofcypermethrin was 7.93 
minute, fipronil 4.3 minute, cypermethrin-11 minute and chlorpyriphos 10.79 minute. 
d. High pressure liquid chromatography: 
Estimation of spinosad and imidacloprid residue was done through HPLC 
equipment. 
e. Operational conditions 
Mobile phase ; Acetonitrile and water (70:30 \ / \ ) 
Flow rate : 0.5 ml/minute 
Detector vva\elength 250 nni 
f. Calculation of residue estimated in GLC and HPLC: 
The quantitative and qualitative analyses were done by comparing the retention 
time and peak area points of the sample response with that of corresponding standards of 
1 ppm of insecticide and 20 ppm of spinosad and imidacloprid. The calculation for 
residue estimation was done as under: 
Area of the Standard Total volume Staiidai d 
sample injected (}ig/m\) (ml) volume (pi) 
_ . , X X X Retoveiv 
Residues = — — X 
Area of the Sample volume Sample weiglit 
standard injected (pi) (^ m) 
factor 
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Results 
4. Results 
The results of experiments conducted in the present study are presented in the following 
sections: 
4.1 Determination of status of insect pests, their natural enemies and current 
management practices: 
4.1. 1. Field scout during 2006-07: 
Diamondback moth {Plutella xylostella L.) commonly called as DBM was 
found to invade cauliflower {Brassica oleracea var. hotrytis) and cabbage (Brussicu 
oleracea var. capitata) crop during the seedling stage coinciding with second standard 
week of November, 2006 (Table 1). The adults were small, grayish brown having three 
pale whitish triangular marks on the hind margins of forewings. At rest, three diamond 
shaped yellow white spots were visible by joining both forewings. The larvae were 
)e]lowish green in appearance possessing fine erect black hairs, scattered all (uer the 
body. The feeding of larvae on plants produced typical whitish patches due to scraping of 
epidermal tissues on leaves, whereas, the advance larval stage (beyond 3"' iiistar) 
produced small holes in the leaves. Highest population (2.7 larvae/ plant) of this species 
was recorded in the first week of September and thereafter the population declined 
gradually till fourth week of February, showing a minimum count of 0.3 lar\ae plant. 
The population again increased gradually reaching to 0.53 larvae/ plant during the second 
week of March (Fig.l). This condition having relatively more population count pre\ ailed 
till harvest of crop. Since the multiplication rate of DBM was recorded fast and therefore 
forcing the farmers to choose and apply the most effective insecticides available in the 
market. Indoxacarb and spinosad were the most preferred chemicals applied e\en at cner 
doses by the vegetable growers in and around Delhi region with an ultimate objectixe to 
keep the population under check without considering the ill effects on the en\ ironment. 
Mustard aphid {Lipaphis erysimi Kalt.) appeared on cauliflower and cabbage 
during the second fortnight of November (Fig 2). Aphids were wingless measuring 2.3 
mm in length, globular soft and pale green. The winged forms, which appeared later. 
possessed transparent homogenous wings and yellowish abdomen (Plate 2.a). Ihex 
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multiplied parthenogenetically and attained highest population (117.97 individuals/ plant) 
during the fifth week of February (Table 1). The growth of black sooty mould was 
attributed to the copious amount of honeydew secreted by aphids. The aphids kept their 
presence on the crop till harvest. 
The appearance of leaf miner {Liriomyza trifolii Burg.) started during the first 
week of October, multiplied slowly and attained its peak activity during the third week of 
same month and then disappeared gradually (Fig 3). 
The larvae of tobacco caterpillar {Spodoptera litura Fab.) appeared during the 
third week of November coinciding curd formation stage. The young caterpillars were 
black, subsequently turned greenish yellow with prominent black spots at the dorsal 
surface of the body (Plate 4.a). This species was designated as minor but in nature 
sporadic pest. Whiteflies {Bemisia tahaci Genn.) were found during the fourth week of 
November and remained present up to first week of .)anuar>'. Some of the population ot 
grasshoppers particularly Oxya velox was noted during the second and third week of 
January. 
With regard to presence of natural enemies, it was e\ident from the obser\ ations 
that the most common natural enemies viz.. Cotesia philellae (Kurd.). S> rphid maggots 
and Diaeretiella rapae (M'Intosh) attacking DBM and mustard aphids were not recorded 
in cabbage and cauliflower crops probably due to indiscriminate use of insecticides by 
the farmers. However, the presence of few species of coccinellid population (0.025 
beetles/ plant) was noticed during the second and third week of March. Spiders were also 
recorded during the second and third week of November, and again during the third and 
fourth week of March, the average count during the respective periods was noted as 0.025 
and 0.05 spiders/ plant (Table 1). 
4.1.2 Field scout during 2007-08: 
Based on the previous years experience, the experiment was started early i.e. in 
July. The sporadic pest, Spodoptera litura made its appearance from the first week of 
September and remained present till the fourth week of November, reaching its highest 
population (1.93 larvae/ plant) in third week. During this period, farmers had started 
spraying of conventional insecticides at high concentrations in order to inanage pest 
population on weekly basis. 
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The activity of cabbage leaf webber {Crocidolomia binotalis Zed.) was recorded 
during the first and second week of September, exhibiting a population count of 0.03 and 
0.06 larvae/ plant, respectively (Fig 4). Whitetly (Bcmisia lahaci Genu.) and Liriomyzu 
trifolii (Burg.) infestation was noted during first and second week of October (Table 2). 
The acfivities of DBM was noted twice in the season, first from the first week of 
November to fourth week of December and second between second week of Februar> to 
first week of May coinciding maturity of the crop showing maximum population count o[' 
0.60 and 11.3 larvae/ plant, respectively (Table 2). Mustard aphid appearance was 
recorded right from second week of January but relatively at low number (0.1 aphids' 
plant). There after, the population increased to 59.3 aphids/ plant coinciding with second 
week of March. The population again declined to 10.4 aphids/ plant synchronizing with 
advancement of crop age (Fig 2). Cabbage butterfly (Pieris brassicae L.) was however. 
recorded with an initial population count of 0.50 larvae/ plant during the first three weeks 
of April reaching maximum (2.25 larvae/ plant) at later stages of crop growth. 1 he 
maturity of the crop and intensive scheduled insecticide sprays resulted in the steep 
decline of the population (Fig 4). Under natural enemy's categor\. Coccinellids with a 
populafion count of 0.03 beetles/ plant were noticed during the first week of April. 
Spiders with a count of 0.03 and 0.06 spiders /plant were recorded also during first and 
second week of October, respectively. 
Of the all insect recorded, DBM was recognized as the most important pest affecting cole 
crops. The pest management practices in the regions largely relied upon its appearance. 
During lean season (November to first fortnight of February) farmers usually applied 
pyrethroid and/or organophosphate insecticides at 10 days interval in a scheduled 
manner, thus, leaving high environmental impact quofients (measuring the potential 
negative effects of insecticides on human and environmental health). In peak season, 
farmers largely relied on new and expensive insecticides like indoxacarb, spinosad and 
fipronil. The application either of these insecficide on a weekly basis was a \ery common 
feature in the region of study. The area in and around Delhi region where some how 
spraying of insecticide was not done or missed by the farmers, there was an evidence of 
increase in DBM population up to 12 to 15 larvae/ plant. When interviews with farmers 
in respect of frequency of pesficide applicafion, were made, it was found that 45.08% of 
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the farming community made their decision only after seeing the appearance of pest on 
crops, however, around one third (39.73 %) of them followed a calendar schedule. 
whereas 15.18% decided on both. Most of the farmers obtained the knowledge on spra\ 
by their own experience (54.46%) and also through pesticide suppliers (25.00%). 
However, the advice received from extension (5.80%) personals and other farmers 
(14.73%) was of less importance. An alarming situation was also brought to the notice 
that the application rate of pesticide varied from 850 g ai to 1150 g ai/ha. at 7 to 15 days 
interval, making average of 6 to 8 sprays in a season. Most interviewed farmers (96%) 
were not aware of the use of biopesticide like Bacillus thuringiensis and natural enemies. 
They felt that insecticides were the only weapon for the control of DBM. Spraying of 
more than one insecticide in mixed form e.g. cypermethrin + chlorpyriphos, profenophos 
+ triazphos and imidacloprid + profenophos with over dose was a regular feature on 
insecticides use. In one season, 6 to 8 sprays at 7 to 15 days intervals with an application 
rate of 850g to 1150 g ai/ ha was very common. The farmers spent around 15-20" o 
(Rs.6000 - 9000/ha) on insecticides alone out of the total input cost. 
4. 2. Distribution pattern of insect pests and their natural enemies in pesticide free 
field: 
A list of insect pests recorded in succession on cauliflower during 2006-07 and 
2007-08 is presented in Table 3 & 4. Those insects which were present in good number 
for considerable period of time and causing appreciable damage, were categorized as 
major, while appeared for very short period, in fairly low numbers were considered as 
'minor' and the insects which were few in numbers and appeared after considerable time 
lag were regarded as 'stray'. 
The major insect pests were identified as Plutella xylostella L. (Plate 2.) follov\ed 
by Lipaphis erysimi Kalt., (Plate 3). The other insects, namely Pferis hrassicae L.. Myzus 
persicae and Brevicoryne brassicae were recorded and categorized as minor pests during 
2006-07. On the other hand, Spilosoma obliqua, Spodoplera litura and Trichplusia ni 
were designated as minor pests in 2007-08. The rest of the insect pests observed in both 
the years were categorized as stray (Table 3). The natural enemies which were recorded 
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from cauliflower ecosystem were identified as Cotesia phitellae. ('occimlla 
septempunctata, C. transversails, Menochllos sexmaculata, Hlppodemu varl^ula. 
Ischlodan scutallarls and Diaeretlella rapae. 
4. 2.1. The dynamics of major insect pests: 
DBM {Plutella xylostella L.): 
During 2006-07, DBM commenced its attack on cauliflower with a count of 0.05 
larvae / plant on 2"** standard week, thereafter the larval population gradually increased 
and reached its peak (23.9 larvae/ plant) on 11'^ standard week. Thereafter the population 
declined to 19.4 larvae/ plant (Table 3). Whereas, during 2007-08 crop season. DBM 
incidence was noticed from 11' standard week, showing a gradual increase to a le\el of 
6.30 larvae/ plant by the end of 14"^  standard week. The trend of population fluctuation in 
both the year was almost similar, except the intensity of pest population which was 
comparatively low during 2007-08. 
The incidence of aphid (I. eryslml) commenced from 1'' standard week during 
2007-08 with an average count of 5.8 aphids/ plant. Thereafter, the population reached to 
a peak of 2060 aphids/ plant coinciding lO"^  standard week, but declining steeply again to 
280 aphids/ plant on 14"" standard week. (Table 4). 
The appearance of Cabbage butterfly {Pleris hrasslcae) with a count of 0.8 lar\ae^ 
plant was noticed on 7"' standard week followed by gradual increase up to 2.4 lar\ae/ 
plant coinciding with maturity of crop (ll"^ standard week) during 2006-07. However. 
the relative incidence of this species was quite low during, 2007-08 showing the 
population count of 0.8 and 1.8 larvae/ plant on 11"^  and 12"^  standard week, respectively. 
While looking at the dynamics and population count on natural enemies during 
2006-07, the incidence of syrphid (2.1 maggots/ plant) was noted during the 5'^  standard 
week and coccinellid (0.5 adults/ plant) during 7' standard week, wherea.s. Cotesia 
plutellae showed its appearance in the form of pupal cases (coccon) on 8"^  standard week. 
Interestingly, syrphid maggots reached to its ma.ximum 6.6 maggots/ plant during 8" 
standard week, thereafter the count reduced to 1.3 mean maggots/ plant during ll"^ 
standard week. In contrast, coccinellid and Cotesia showed increasing trend and reached 
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their maximum 2.4 coccinelids/ plant and 3.2 cocoons/ plant respectively on I I " standard 
week. 
4. 3. Impact of weather parameters. 
Since no individual weather parameter could show a uniform trend that had 
influenced pest incidence and natural enemies therefore multiple regression analysis v\as 
employed for both seasonal data so as to make the combined effect and combination of 
each parameter understandable. 
In 2006-07, none of weather parameters (individualh) showed a significant 
correlation with DBM population. Maximum temperature, minimum temperature, 
relative humidity, wind speed, sunshine and rainfall together produced 75.7% (R" 
=0.757) variation in DBM larval population (Table 3), where as the same parameters 
together explained only 45.7% (R^=0.457) of variation in pest population recorded for 
2007-08. However based on t-value during 2006-07. minimum temperature showed a 
significant and positive effect. Where as during 2007-08. wind speed exhibited 
significant and positive influence on DBM larval population. 
Aphids (Lipaphis erysimi Kalt.) commenced their attack on the four weeks after 
transplanting of cauliflower and cabbage and remained present till har\est. Maximum 
temperature, minimum temperature, relative humidity, wind speed, sunshine and rainfall 
caused ^9% (R^ =89.70) variation in population during 2007-08. however of all these 
parameters, rainfall and wind speed exhibited significant and positive influence. 
With regard to cabbage butterfly {P. brassicae L.), multiple linear regression 
analysis showed that minimum temperature shown significant effect on the mcidence 
species in both the years. All weather parameters, explained 80.9% ( R ' =0.809) and 80.4 
% (R^ = 0.804) of the variation in its population during 2006-07 and 2007-08. 
respectively. 
When observation were confined to natural enemies, the perusal of data revealed 
a significant effect of wind speed on the incidence of coccinellid population in 2006-07. 
while in 2007-08, relative humidity as well as wind speed had exerted a direct bearing on 
the dynamics. Interestingly none of the weather parameters had left any significant effect 
on syrphid populafion during 2006-07. while in 2007-08 rainfall significantly affected its 
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incidence. On the other hand, minimum temperature showed a significant impact on the 
dynamics and populations intensity of Colesia plulellae during 2006-07. 
4. 4. Distribution pattern of major insect pests and their natural enemies 
Efforts were made to evaluate the distribution pattern of major insect pests and 
their natural enemies on cauliflower with an assumption that spatial distribution was a 
species characteristic. The data were grouped into frequency distribution and the mean 
(X) and variance (S ) were calculated. 
The values on mean and variance of DBM infested cauliflower crop during 2006-
08 are presented in Table 5. The variance was more than mean recorded on all the weeks 
of observations during crop season. This indicated an aggregated distribution pattern of 
DBM population. The values of K ranged from 0.08 to 61.6 showing an increasing trend 
till harvest of the crop coinciding 21 weeks after transplanting. The increase in K \alue 
showed a gradual decline in the aggregate nature of population distribution. l)a\id and 
Moore's index values initially reached a maximum of 1.84 at 16'^  week after 
transplanting during 2006-07. However, the \alue for 16''^  and 17''^  vseek after 
transplanting were > 1 which indicated that the population distribution was of contagious 
in nature. On the other hand the values from 18"^  week up to har\ est were less than zero 
which suggested that the population distribution was regular. 
The values of Lexis index ranging from 1.17 to 1.68 were observed for larxal 
population. The Lexis index values showed an intermittent increase and decrease, but. it 
was never less than one, which indicated that the population was always aggregated. 
However, from 18"^  to 21^' week after transplanting. Lexis index \alues were near to zero 
suggesting that aggregated condition was moving towards a regular distribution. The 
Charlier coefficient values on the other hand, showed a decreasing trend trom 16''^  week 
till maturity of crop, indicating the trend had moved towards regular distribution. 
Similarly, the values of various indices for L. erysimi are presented in Table 6. 
Variance was more than mean for both the seasons indicating the aggregated distribution 
of this species on cauliflower. Variance to mean ratio for all the weeks was more than 
one, thus indicating aggregated distribution. David and Moore's index was also more 
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than zero, suggesting aggregated nature of population distribution during 2007-08. I he 
values of Lexis index ranged between 2.27 and 23.35 in 2007-08 and these values being 
always>l indicating that the population was always aggregated. The Chartier's 
coefficient values were significantly superior for all the observations. This also suggested 
that the population was of aggregated in nature. The K values ranged from 0.89 to 2.12 
and since K values were < 8 for all the weeks of crop, it indicated clumping behavior of 
individuals in a population. The mean crowding was initially low (19.79) and the 
intensity of interaction of individuals increased to an extent of 3381.6 during 14"^  week 
after transplanting in second season, thereafter it declined gradually coinciding har\ est of 
crop. 
With regard to natural enemies, the pooled data on mean and variance of coccinellids 
during 2006-08 are presented in Table-7. The variance was more than mean on all the 
weeks of observations in the season. This indicated the aggregated distribution pattern of 
coccinellid population. The values of K ranged from 0.25 to 4.7. showing increasing 
trend up to harvesting of crop which coincided 21 weeks after transplanting. The increase 
in K value showed a gradual reduction in the aggregate nature of population distribution. 
David and Moore's index values initially reached to a maximum 1.05 at 18'" week after 
transplanting and thereafter declined. However, the calculated values were found > 1 
which showed contagious nature of population distribution. Whereas the values from 19" 
week till harvest were less than zero, suggesting that the population distribution was 
regular in distribution. 
The values of Lexis index, ranging from 1.19 to 1.43 were observed for adult 
population. The Lexis index values revealed an intermittent increase and decrease, but it 
was never less than one, inferring that the population was always aggregated. However. 
from 18'*^  to 21^' week after transplanting, Lexis index value was near to zero, suggesting 
that aggregated condition was moving towards a regular distribution. The Charlier 
coefficient values on the other hand, showed a decreasing trend (205.1 to 45.88) from 
16' week till harvest of crop revealing for regular distribution. 
The pooled observations on mean and variance of syrphid population recorded in 
2006-08 are presented in Table 8. The variance was more than mean on all the weeks of 
51 
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observations, indicating the aggregated distribution pattern of syrphids (maggots). The 
values of K ranged from 2.48 to 18.23, with an increasing trend up to 19"' weeks after 
transplanting. The increase in K value showed a gradual reduction in the aggregate nature 
of population distribution followed by decrease in values between 20"' and 21" week after 
transplanting, thereby suggesting regular distribution. There was an undulating pattern on 
David and Moore's index values but showing <1 during all weeks of observations. It 
indicated that the population distribution was of regular nature. The values of Lexis index 
ranging from 1.16 to 1.31 were observed for maggot population. The Lexis index \alues, 
showed an intermittent increase and decrease, but was near to one. indicating that the 
population was always near to regular. Charlier coefficient values on the other hand, 
showed decreasing and increasing trend revealing near to aggregated distribution. 
The pooled analysis on mean and variance (pooled data) for C. pluieluc for 
2006-08 are presented in Table-9. The variance calculated was more than mean on all the 
weeks of observations, thus revealing for aggregated distribution pattern of this species. 
The values of K ranged from 2.30 to 21.85, a steep increase from low to high was a clear 
indication of regular population distribution trend. David and Moore's index values 
initially reached to maximum of 0.39 during 20"' week after transplanting. Since the 
values were less than one, therefore, indicated a regular population distribution. Similar 
was the trend observed while computing Lexis index, the value obtained were close \o 
one, thereby indicating a regular population distribution. The Charlier coefficient \'alues 
on the other hand, showed intermittent increasing and decreasing trend, however the 
decreasing trend was more, therefore it could be inferred that population distribution was 
of regular nature. 
4.5.1. Bioefficacy of Btvar. aizawai: 
Under field conditions, three concentrations of Bt \ar. aizuMui were sprayed at 
weekly interval to make cauliflower transgenic. Five days after each spray, the 
performance of all treatments was found significantly superior over control (Table-10). In 
model III, (while applying Bt @1500 g / ha), the minimum average number of DBM 
larvae was recorded as 0.4, 0.45 and 0.1 after f\ 11"'' and IlT'' spray, respectively. In 
model II, when Bt was applied @ lOOOg/ha. the population count was observed as ^A. 
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0.65 and 1.05 larvae/plant in respective sprays as mentioned above. On the other hand, in 
model I, {Bt @ 500 g/ ha), the corresponding figures in three sprays were recorded as 
0.45, 2.25 and 3.5 larvae/ plant. Interestingly, all models were found to be significantly 
different from each other. It was further inferred from finding that Bt when appHed at 
1500 g/ ha could keep the DBM population below ETL as compared to control (23.2 
larvae/ plant). 
4.5.2. Simulated Bt transgenic cauliflower and current insect pest management: 
The investigation carried out in 2006-07 revealed that pre-treatment infestation by 
DBM ranged from 8.8 to 12.5 larva/ plant, but simulated Bt transgenic plants-model-I. II 
and III showed 2.25, 0.65 and 0.45 larvae/ plant, respectively. A declining trend of larval 
population was however noted at 7' day after spray. The simulated Bt transgenic plants 
model-II and model-III were superior among all the treatments. It was followed by 
spinosad, nevertheless showing statistical parity with indoxacarb. Further, at the end of 
15"^  day, the number of larvae/ plant increased tremendously to 6.2, 6.4. 14.4. 11.75. 16.2 
and 12.3 following application of indoxacarb. spinosad. mycocin . august-5. 
cypermethrin and fipronil respectively, while control attained 23.9 lar\ae/ plant. 
Whereas, in simulated Bt. transgenic plant model-III, the mean larval population was 
found below the economic threshold level (Table-11). 
During 2007-08, some of the treatments were altered from 2006-07 experiment 
because of increased aphid infestation attaining the status of major pest after DBM, 
Keeping this in view, additional treatments were also selected to manage aphid 
population. In this context imidacloprid, dimethoate and almora (^/-isolate) v\ere taken 
replacing of Bt var. aizawai (a!500g, mycocin, and cyprmethrin. The other new treatments 
indoxacarb, spinosad, August-5 (6^isolates), fipronil. model-I {Bt var. aizawai (OJlOOOg). 
model-II {Bt var. aizawai @1500g) were taken and compared with control. Of all the 
treatments, model-I and model-II were found to be effective exhibiting maximum 
reduction in larval population. Pre-treatment infestation of DBM ranged between 2.1 to 
3.45 larvae/ plant, in contrast to 1.77 and 0.6 larvae/ plant recorded from simulated Bt 
transgenic plants- model-I, model-II, respectively. Again, the model-1 (0.75 larvae/ plant) 
and model-II (0.3 larvae/ plant) performed better over other treatments even a day after 
spray (Table 12). 
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Table II: Effect of synthetic insecticides and Bt- formulations on population count of 
P. xylostella under natural condition 2006-07 
S. No. Treatment Dose g ai./ha IDBS 
Mean larval count/ plant 
IDAS 3DAS 5DAS 7DAS I5DAS 
1 Control 
2 
3 
4 
5 
6 
7 
10 
Bt var. aizawai 
(Model!) 
Bt var. aizawai 
(Model-II) 
Bt var. aizawai 
(Model-Ill) 
Indoxacarb 
(14.5 SC) 
Spinosad 
(45 SC) 
Mycocin-505 
(55 EC) 
8 August 5 
Q Cypermethrin 
(25 EC) 
Fipronil 
(5SC) 
500 
1000 
1500 
50 
50 
450 
800 
60 
75 
9.45 
2.25 
0.65 
0.45 
10.8 
9.5 
8.8 
11.75 
12.5 
11.9 
9.65h 
(0.13) 
2.2bc 
(0.47) 
0.65ba 
(0.67) 
0.25a 
(0.65) 
3.led 
(0.47) 
3.7ed 
(0.64) 
5.20efg 
(0.40) 
5.60fg 
(0.37) 
4.95ef 
(0.42) 
4.25g 
(0.15) 
12.30d 
(3.56) 
2.95c 
(1.86) 
0.90ba 
(1.18) 
0.37a 
(0.97) 
2.20cba 
(1.64) 
2.30cba 
(1.65) 
3.25c 
(1.93) 
2.70cb 
(1.77) 
3.25c 
(1.92) 
2.45cb 
(1.71) 
n.lOd 13.4d 
(3.68) (3.71) 
2.90c 
(1.84) 
0.80ba 
(1.13) 
0.10a 
(0.77) 
1.05ba 
(1.23) 
1.05ba 
(1.23) 
2.95c 
(1.85) 
2.20cb 
(1.64) 
3.10c 
(1.82) 
2.30cb 
(1.67) 
3.50bc 
(2.06) 
1.05a 
(1.22) 
0.15a 
(0.80) 
0.90a 
(1.18) 
0.40a 
(1.17) 
5.45c 
(2.43) 
3.25b 
(1.91) 
4.45bc 
(2.22) 
3.95bc 
(2.10) 
23.90f 
(4.92) 
5.35b 
(2.56) 
3.00ba 
(1.87) 
1.05a 
(1.23) 
6.20b 
(2.57) 
6.40b 
(2.58) 
14.40de 
(3.86) 
11.75cd 
(3.48) 
]6.20e 
(4.08) 
12.30c 
(3.16) 
SEin± 
CD. at 5% 
0.14 
0.41 
0.53 
1.54 
0.11 
0.32 
0.10 
0.30 
0.12 
0.35 
0.16 
0.46 
Figures in parentheses are square root transformed values 
In a column, means followed by same letters are not significantly different at DMRT comparison 
at 5% level 
DBS - Day before Spray 
DAS - Day after Spray 
*Bt var. aizoH'ai 500, 1000, I500g already sprayed 2 times under natural condition 
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Table 13: Effect of synthetic insecticide and Bt- formulation on population 
count oiP. xylostella I plant under protected condition 
S.No. Treatment Dose g ai. /ha IDBS 
Mean larval count/plant 
IDAS 3 DAS 5 DAS 7 DAS 15 DAS 
Control 6.90 6.4e 6.50e 6.30f 6.30e I6.50f 1 (2.63) (2.64) (2.61) (2.60) (4.12) 
2 Bt var. aizawai 500 6.20 3.20c 1.70bc 1.25cd 0.95bc 2.35ba (Model-I) (2.14) (1.48) (1.32) (1.20) (1.68) 
3 Bt var. aizawai 1000 8.05 4.80cd i .20b 
O.SOab 0.50ab 2.70ba 
(Model-II) (2.30) (1.30) c 
(1.14) 
(1.00) (1.78) 
4 Bt var. aizawai 1500 8.30 1.95b 0.45a 0.35a 0.20a 1.45a (Model-Ill) (1.54) (0.97) (0.91) (083) (1.391 
5 Indoxacarb 50 6.30 0.80a 0.45a 0.40a 0.20a 5.25c (14.5 SC) (1.13) (0.98) (0.94) (0.83) (2.39) 
6 Spinosad (45 SC) 50 6.25 
0.80a 
(1.12) 
0.40a 
(0.94) 
0.40a 
(0.95) 
0.30a 
(0.89) 
4.75cb 
(2.28) 
7 Mycocin-505 450 9.2 5.40ed 3.20d 1.75de 1.35cd U. lOe (55 EC) (2.42) (1.92) (1.50) (1.36) ( 3 8 1 ) 
„ ^ ^^ „_^ , , 3.90c l.25bc 0.65ab 0.35a 5.25c 
8 Augusts 800 6.6 ^,.09) (1.37) (1.05) (0.91) (2.38) 
Cypermethrin 5.90ed 3.30d 2.25e 0.40d lO.OOd 
(25 EC) (2.53) (1.96) (1.65) (1.45) (3.21) 
,^ Fipronil 3.60a 1.95c 1.15bc 0.60ab 9.57d 
(5SC) (2.03) (1.56) (1.27) (1.04) (3.15) 
S Em± 0.09 0.06 0.06 O.OS 0 13 
C D . at 5% 0.26 0.19 0.19 0.15 0.38 
Figures in parentheses are square root transformed values in a column; means followed by 
same letters are not significantly different at DMRT comparison at 5% level 
DBS - Day before Spray 
DAS - Day after Spray 
Interestingly, spinosad (0.60 larvae/ plant) was on par with model-I with 75% 
population reduction followed by indoxacarb (1.25 larvae/ plant). Intermediate level ol" 
larval population reduction was recorded in fipronil, dimethoate, august-5 (fir-isolates) 
and Almora (fir-isolates) having corresponding figures of 0.3. 1.40, 1.75 and 1.75 lar\ae/ 
plant, respectively. The treatment, august-5, however recorded maximum population 
reduction (46.6 %). Similar trend was also seen after 3'^ '' and 5"^  day of spray. After 7"^  
day of spray, the simulated Bt transgenic plants model-1 and model-Il recorded highest 
efficacy, exhibiting 0.2 and 0.05 larvae/ plant respectively. In remaining treatments, 
fipronil (0.10 larvae/ plant) with 96.8% larval population reduction and spinosad (0.25 
larva/ plant) with 93.4% population reduction was found statistically insignificant with 
indoxacarb (0.7 larva/ plant) showing 83.8% larval reduction. The treatments, august-5. 
almora, imidacloprid and dimethoate recorded 1.05. 1.10, 3.75 and 4.35 larvae/ plant, 
respectively, comparing to control (5.15 larvae/ plant). 
On the other hand at the end of the 15"^  day. there was a considerable reduction in 
efficacy of all the treatments, except model-I showing 0.5 larva' plant. However in case 
of model-II, the plants were devoid of the larval presence. In other treatments, the mean 
larvae/ plant were recorded as 0.70. 1.10. 1.15. 1.4. 1.9 and 4.55 for spinosad. fipronil. 
indoxacarb, august-5, almora and dimethoate. respectively. These observations were 
further verified by ANOVA. where in all treatments differed significanth at 5°'o level of 
significance against control. When the overall efficacy of insecticidal treatments against 
DBM was taken in to consideration. model-I {Bt var. aizawai @1000g). model-Il [Bt var. 
aizawai @1500g) were found to be much superior than other treatments. Whereas, the 
next decreasing order of performance was found with respect to spinosad, indoxacarb. 
august-5, fipronil, model-I (Bt var. aizawai 500g) and almora. 
While evaluating the performance of different treatments on aphids after one da> 
of application, imidacloprid, demonstrated maximum population reduction (86.1%) yet 
exhibiting statistical parity with dimethoate (73.4%) and spinosad (70.1%). The other 
treatments model-I, model-II and fipronil demonstrated 35.3, 35.9 and 29.8*'/'o aphid 
population reduction, respectively and were found statistically on par with each other. 
Whereas, august-5 and almora recorded 23.3 and 23.3% population reduction, 
respectively and these treatments were also found least effective. After 7 days of spra\. 
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all the treatments were significantly superior over control. Among these, imidacloprid 
was found to be the best in reducing the population by 98.4%, nevertheless, it was on par 
with dimethoate (93.3%). Apart from these two, the next better treatments were spinosad 
and indoxacarb exhibiting 88.0 and 83.7 % reduction in aphid population, respectively. 
These treatments were also statistically similar (Table 14). 
While taking observation on aphid count after 15"^  day of insecticidal application 
of each treatment, imidacloprid proved to be the best treatment in reducing 80.3% aphid 
population followed by fipronil (74.5%). dimethoate (71.8%) and these two treatments 
were also on par with each other. Of the remaining treatments, the least effective was 
Almora, showing no reduction in population count followed by model 1 (13.0%), agust-5 
(23.4%) and model II (24.2%)) (Table 14). 
When the efficacy on Pier is hrassicae was worked out, all the treatments were 
found significantly effective over control. After 5'*^  day of spray, the range of larval count 
varied from 0.0 to 0.05 larvae/ plant in all treatments. However, simulated Bt transgenic 
plants (model III) showed best performance, showing zero population after 15"^  day of 
spray and this treatment also differed significantly with remaining treatments.(l able 15). 
Observations on population count of coccinellids were made before and after 
spray of all treatments and continued till 15"' day after each spray. After 15"' da\ of 
spray, all treatment except mycocin and cypermethrin showing mortalit> of 0.80 and 1.00 
cocinellids/ plant respectively were found statistically insignificant over control. Mycocin 
and cypermethrin in general, were found to be inhibitory in performance to cocinellids. 
All models (I, II and III), spinosad and august-5 however did not show any deleterious 
effect, where as indoxacarb and fipronil did exhibit their toxicity on the survival oi~ 
coccinellids. These toxic chemicals also differed significantly from rest of the treatments 
after IS"' day of spray. 
During 2007-08, the pre-treatment count of coccinellids ranged between 3.87 to 
6.50/ plant. However, one day after insecticide application, dimethoate reduced the 
coccinellid population by 67.3%), followed by fipronil (57.7%o) and spinosad (54.3%). 
Indoxacarb and imidacloprid were considered to be of intermediate category recording 
49.3 and 48.7%o population reduction respectively. The population reduction in model-!. 
model-II, august-5 and almora was recorded to the tune of 7.0, 22.0, 33.2 and 23.8%, 
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Table 15: Effect of synthetic insecticides and Bt- formulations on population 
count of Pieris brasicae (L.) under natural condition 
S.No. Treatment Dose g ai./ha 
Mean larval count/plant 
1 DBS 1 DAS 5 DAS 15 DAS 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Control 
Model-1 {Bt var 
aizawai) 
Model-2 {Bt var 
aizawai) 
Model-3 {Bt var 
aizawai) 
Indoxacarb 
(14.5 SC) 
Spinosad 
(45 SC) 
Mycocin-505 
(55 EC) 
August 5 
Cypermethrin 
(25 EC) 
Fipronil 
(5SC) 
500 
1000 
1500 
50 
50 
450 
800 
60 
75 
6.4 
2.87 
5.0 
4.75 
1.95 
1.5 
2.23 
1.43 
4,7 
1.55 
2.28 
(1.51) 
3.5 
(1.89) 
2.00 
(1.42) 
1.75abc 
(1.35) 
0.35ab 
(0.90) 
0.90ab 
(1.14) 
1.60abc 
(1.35) 
O.SOab 
(0.93) 
0.10a 
(0.77) 
0.05a 
(0.74) 
2.20a 
(1.49) 
0.85b 
(1.10) 
0.00b 
(0.71) 
0.00b 
(0.71) 
0.00b 
(0.71) 
0.00b 
(0.71) 
0.00b 
(0.71) 
0.10b 
(0.77) 
0.00b 
(0.71) 
0.05b 
(0.74) 
SEm± 
CD. at 5% 
0.25 0.13 
NS 
4.00b 
(2.11) 
4.20b 
(2.02) 
2.20ab 
(1.45) 
0.00a 
(1.71) 
2.35ab 
(1,66) 
3,70c 
(1.92) 
2.20ab 
(1.45) 
l,90ab 
(1,24) 
2,3 5ab 
(1.55) 
2.80ab 
(1.71) 
0,35 
NS 
Figures in parentheses are square root transformed values in a column; means followed by 
same letters are not significantly different at DMRT comparison at 5% level 
DBS - Day before Spray 
DAS - Day after Spray 
respectively. Dimethoate and fipronil recorded highest population reduction after one day 
of spray demonstrating 70.9 and 61.2% of reduction, respectively. After seven days of 
spray, spinosad however recorded maximum population reduction (66.8%) followed by 
dimethoate (59.1%), whereas remaining treatments performed almost similar trend as 
recorded earlier. After 15"^  day of spray, a reduction in population was noted irrespective 
of treatments including control and this reduction was mainly attributed to temperature 
increase (Table 16). 
The data obtained on syrphid maggots for 2006-07, clearly revealed that mycocin 
and cypermethrin were not safe for their survival. However, after 15''^  day of spray, 
model-I, model-II, model-Ill, indoxacarb, spinosad, augaust-5 and fipronil did not lea\e 
significant negative impact on syrphid survival. The corresponding population counts in 
each of treatments were 0.52. 1.05. 1.50. 0.45. 0.72. 0.70 and 0.75 maggots/ plant 
respectively. When a trend of relative safety was observed, these treatments were 
statistically on par with control (Table 17). 
During 2007-08. the trend on syrphid population with respect to treatment, effect 
was almost similar to that of 2006-07. The difference was noted with only population 
count after one day of spray. The maximum population reduction was found with 
imidacloprid (83.3%) followed by spinosad (68.4%), indoxacarb (48.7%) and dimethoate 
(41.3%). The remaining treatments were found less toxic to maggots. When a comparison 
was made in respect of all the treatments, Bt var. aizawai and Bl isolate were found quite 
safe, leaving no deleterious effect on the survixal of maggots (Table 18). 
No detailed observation on impact of various treatments on Colesiu plulellat 
larva was made and therefore required further investigations. However count oi cocoons 
was influenced by DBM population in the field, higher population of DBM resulted into 
more number of coccons recorded on leaves (Table 19 & 20). 
4.5.3. Efficacy of Bt var. aizawai vis-a-vis chemical insecticides under natural and 
contained condition: 
a. Under natural condition: 
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Table 16: Effect of synthetic insecticides and Rt- formulations on population count of 
Coccinellids under natural condition 
S. No. Treatment 
Control 
2 Bt var. aizawai 
3 Bt var. aizawai 
4 Bt var. aizawai 
5 Indoxacarb (14.5 SC) 
6 Spinosad (45 SC) 
7 Mycocin-505 (55 EC) 
8 August 5 
9 Cypermethrin (25 EC) 
10 Fipronil (5 SC) 
Dose Mean coccinellid count/plant  
g ai./ha 1 DBS 1 DAS 5 DAS 7 DAS 15 DAS 
0.65 0.75ab 1.05ab 1.20b 2.00c 
(1.09) (1.23) (1.28) (1.57) 
500 1.00 
1000 0.45 
1500 0.65 
50 0.35 
50 0.30 
450 0.65 
800 0.60 
60 1.70 
75 1.8 
0.90ab 1.25b 1.30b l.SObc 
(1.17) (1.30) (1.30) (1.51) 
0.45a 0.65ab O.SOab 1.20ab 
(0.96) (1.06) (1.12) (1.29) 
0.55a 0.75ab I.OOab 1.65abc 
(1.02) (1.09) (1.21) (1.33) 
0.30a 0.90ab 0.95ab 1.40abc 
(0.89) (1.18) (1.07) (1.37) 
0.25a 1.25b 1.30b l.75bc 
(0.94) (1.32) (1.34) (1.49) 
0.40a 0.35a 0.40a 0.80a 
(0.95) (0.91) (0.94) (1.13) 
0.55a 0.85ab I.OOab 1.45abc 
(1.01) (1.14) (1.21) (1.39) 
1.25b 0.65ab 0.70ab I.OOab 
(1.31) (1.05) (1.08) (1.27) 
0.90ab 0.80ab 0.85ab 1.20abc 
(1.18) (1.14) (1.16) (1.37) 
SEm+ 0.09 0.10 0.10 0.08 
CD. at 5% 0.28 0.29 0.29 0.25 
Figures in parentheses are square root transformed values in a column; means followed b\ 
same letters are not significantly different at DMRT comparison at 5% level 
DBS - Day before Spray 
DAS - Day after Spray 
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Table 18: Effect of synthetic insecticides and Bt- formulations on population count 
of Syrphids under natural condition 2007-08 
S.No. Treatment 
Control 
Mean syrphid count/plant Dose 
g 
ai./ha 1 DBS 1 DAS 5 DAS 7 DAS 15 DAS 
6.60 
2 Bt var. aizawai 500 4.25 
3 Bt var. aizawai 1000 8.65 
4 Bt var. aizawai 1500 9.05 
5 Indoxacarb (4.5SC) 50 7.72 
6 Spinosad (45 SC) 50 7.80 
7 Mycocin-505 (55 EC) 450 6.95 
8 August 5 800 7.50 
9 Cypermethrin (25 EC) 60 8.50 
10 Fipronil (5SC) 75 8.70 
5.12""^ 
(2.30) 
4.25abc 
(2.17) 
8.50cb 
(2.99) 
8.70cb 
(3.02) 
7.17c 
(2.77) 
7.35cb 
(2.78) 
4.70ab 
(2.34) 
7.35abc 
(2.76) 
7.90a 
(2.91) 
7.80abc 
((2.86) 
5.35abc 
(2.35) 
3.90ab 
(2.08) 
8.15c 
(2.93) 
8.15c 
(2.93) 
6.95bc 
(2.71) 
7.10bc 
(2.73) 
3.30a 
(2.08) 
6.80bc 
(2.67) 
5.50abc 
(2.47) 
6.60bc 
(2.64 
2.62abcd 
(1.83) 
1.72abc 
(1.78) 
2.65c 
(2.13) 
3.25bc 
(2.05) 
1.70d 
(2.18) 
1.90bc 
(2.05) 
2.15ab 
(1.71) 
1.32abcd 
(1.91) 
1.00a 
(1.65) 
1.65abcd 
(1.95) 
1.30cd 
(1.33) 
0.52ab 
(1.00) 
1 05bed 
(1.24) 
1.50d 
(1.40) 
0.45ab 
(0.97) 
0.72abc 
(1.08) 
0.40a 
(0.94) 
0.70abc 
(1.12) 
0.80abc 
(1.14) 
0.75abc 
(1.11) 
SEm± 
CD. at 5% 
0.21 
0.59 
0.19 
0.55 
0.12 
0.34 
0.07 
Figures in parentheses are square root transformed values in a column, means followed by 
same letters are not significantly different at DMRT comparison at 5% level 
DBS - Day before Spray 
DAS - Day after Spray 
Table 19: Effect of synthetic insecticides and Bt- formulations on population count 
of Cotessia piuteUae (Kurd.) under natural condition 
*^o^^ Mean pupal count/plant 
S.No Treatment g 
Control 0.00 0.00 
500 0.00 0.00 
1000 0.00 0.00 
1500 0.00 0.00 
50 0.00 0.00 
50 0.00 0.00 
450 0.00 0.00 
800 0.00 0.00 
60 0.00 0.00 
2 Bt var. aizawai (Model-I) 
3 Bt var. aizawai (Model-II) 
4 Bt var. aizawai (Model-Ill) 
5 Indoxacarb (14.5 SC) 
6 Spinosad (45 SC) 
7 Mycocin-505 (55 EC) 
8 August 5 
9 Cypermethrin (25 EC) 
10 Fipronil 
ai./ha ^ ^ ^^ ^ ^^^ 5 DAS 7 DAS 15 DAS 
0.55b 1.15b 3.50f 
(0.83) (1.28) (2.01) 
0.00a 0.10a 0,80b 
(0.70) (0.77) (1.01) 
0.05ab 0.25ab 0.35b 
(0.74) (0.86) (0.92) 
0.05a 0.05a 0.10b 
(0.71) (0.74) (0.80) 
0.05a 0.00a 0.65c 
(0.74) (0.71) (1.07) 
0.05a 0.05a 0.45b 
(0.71) (0.74) (0.96) 
0.05ab 0.40b 1.70e 
(0.74) (0.95) (1.47) 
0.00a 0.20ab 0.50b 
(0.71) (0.83) (0.99) 
0.33c 0.45b 1.20d 
(0.97) (0.97) (1.29) 
non non O.lOab 0.45b 1.25b 
(5SC) (0.77) (0.97) (0.97) 
SEm± 0.09 0.04 0.07 
CD. at 5% 0.26 0.14 0.21 
Figures in parentheses are square root transformed values in a column; means followed by 
same letters are not significantly different at DMRT comparison at 5% level 
DBS - Day before Spray 
DAS - Day after Spray 
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It was evident from the observations (Tablel 1) that among chemical insecticides, 
indoxacarb and spinosad significantly recorded less number of larvae/ plant than other 
treatments. 
Spray was initiated at the time of DBM attack which coincided with curd 
formation stage. Observations on larval count/plant were recorded at 1. 3, 5. 7 and 15 
days interval after each spray. The mean number of DBM larvae, one da> after spray was 
recorded as 2.2, 0.65, 0.25, 3.1, 3.7, 5.2, 5.6. 4.95 and 4.25 larvae/ plant, in model-I (Bt 
var. aizawai @500g), model-II {Bt var. aizawai @1000g). model-HI (Bt var. aizawai 
@1500g), indoxacarb, spinosad, mycocin. august-5, cypermethrin and fipronil treated 
plots, respectively. All these treatments were significantly superior over control. Among 
the insecticides, indoxacarb proved to be highly toxic recording least larvae count (3.1/ 
plant) followed by cypermethrin (3.7 larvae/ plant) and august-5 (5.6 larvae/ plant). 
Indoxacarb also recorded significantly higher mortality followed h\ spinosad. fipronil. 
cypermethrin, and mycocin (Table 11). 
While taking observations after 3 days of spray, indoxacarb and spinosad once 
again proved to be the most toxic showing 2.2 and 2.3 larvae/ plant followed fipronil 
(2.45 larvae/ plant). Whereas, the remaining treatments recorded the mean larN ae count in 
the order of August-5 (2.7 larvae/ plant), mycocin (2.5 larvae/ plant) and cxpermethrin 
(2.5 larvae/ plant). All these treatments were significantly superior than other treatments 
and also on par with each other. After 5 days of spray, indoxacarb and spinosad again 
showed better performance than others, nevertheless on par with august -5 (Table 11). 
Similarly, after 7 days of spray, the performance of all the treatments was 
significantly superior in reducing the larval population as compared to control. On further 
exploration, spinosad was found to be most effective treatment (0.4 larvae/ plant) 
followed by indoxacarb (0.9 larvae/ plant), August-5 (3.25 larvae/ plant) and fipronil 
(3.95 larvae/ plant). Mycocin and cypermethrin here however proved to be least effective 
in reducing the population, showing 14.4 and 16.2 larval count/ plant, respectively. 
While taking observations after 15 day of spray, indoxacarb (6.2 larvae/ plant) 
and spinosad (6.4 larvae/plant) once again showed the best results producing maximum 
mortality in larvae followed by august -5 and fipronil, nevertheless on par with each 
other but differed significantly with mycocin and cypermethrin. 
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b. Under contained condition: 
When the performance of all the treatments, as selected under natural 
environment, was evaluated under contained condition, it was revealed that indoxacarb 
(@50g ai) and spinosad (@50g ai) recorded 0.8 larvae/ plant each showing best 
performance followed by 1.95, 4.8 and 6.2 larvae/ plant with B( \&v. aizawai when 
applied at 1500,1000 and 500 g ai/ ha respectively. With regard to fipronil, august-5, 
mycocin and cypermethrin treated plots; the respective count was 3.6. 3.9, 5.4 and 5.9 
larvae/ plant. Data pertaining to three days after spray revealed that once again 
indoxacarb and spinosad proved to be best treatments followed spinosad. fipronil. B( \ar. 
aizawai (500 g, lOOOg and 1500g), mycocin and cypermethrin. All these treatments were 
significantly superior over control. Among these treatments. Bt var. aiza^\^ai when applied 
at 1500g proved to be better treatment showing less number of larvae' plant followed h\ 
indoxacarb, spinosad, Bt var. aizawai {\000g) and august-5 (Table 13). 
Intrestingly, after one day of application, Bt var. aizawai recorded significantly 
lower mortality of larvae than other treatments, however, there was a significant 
reduction in larval population with passage of time even recorded after three days of its 
application. The initial lower mortality with Bt could be attributed to the reason that 
incubation period for Bt was normally 3days and hence did not show its performance 
early as compared to toxic chemicals. 
The over all order of insecticidal efficacy after 15" day of application, was 
recorded as Bt var. aizawai 1500 > spinosad > indoxacarb > Bt var. aizawai 1000 -
august-5 > fipronil > Bt var. aizawai 500 > mycocin > cypermethrin. 
4,6. Screening of .B/-cauliflower and cabbage germplasms for their resistance to P. 
xylostella and H. armigera under green house condition: 
Based on leaf damage score on cry lBa2 ) cryl Ca4 dual gene cauliflower and 
cabbage germplasms (transformed wild species) were evaluated for their resistance 
against DBM and presented in Table 21 and 22. The resistance level on the basis of leaf 
damage score for various germplasms ranged betweenl.O to 5.0 scales. Ten transformed 
wild species viz.. GT-OI-1, GT-03-1. GT-87-3, GT-92-4. GT-120-5. GT-111-5. GT-122-
7, GT-129-1, GT-132-1 and GT-134-4 were graded as highly resistant (R) against DBM 
showing leaf damage score of 1.0 (Plate 10). The other germplasmms GT-07-2. GT-31 -2. 
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Table 21: Screening of ^/-cauliflower and Bt-cahbskge germplasms against 
Plutella xylostella (L.) under green house condition  
Treatment Germplasm Zygosity Leaf damage (Vo) after 144 hrs Ranking of Plant 
1 GT-Ol-I Wt 
2 GT-03-1 + 
3 GT07-2 Wt 
4 GT-09-3 + 
5 GT-21-1 ++ 
6 GT-23-2 + 
7 GT-29-6 + 
8 GT-30-3 + 
9 GT-3I-2 Wt 
10 GT-46-2 + 
II GT-47-2 + 
12 GT-48-4 Wt 
13 GT-50-7 ++ 
14 GT-52-1 Wt 
15 GT-53-4 ++ 
16 GT-56-2 + 
17 GT-57-2 + 
18 GT-58-1 Wt 
19 GT-59-3 ++ 
20 GT-60-2 ++ 
21 GT-61-3 Wt 
22 GT-62-2 ++ 
23 GT-63-1 Wt 
24 GT-64-3 ++ 
25 GT-67-1 + 
26 GT-68-2 ++ 
27 GT-71-1 + 
28 GT-72-3 + 
29 GT-73-1 ++ 
30 GT-74-2 + 
31 GT-77-1 + 
32 GT-78-2 + 
33 GT-80-1 ++ 
34 GT-81-4 ++ 
35 GT-82-1 + 
36 GT-83-2 ++ 
37 GT-86-I + 
38 GT-87-3 ++ 
39 GT-90-1 + 
40 GT-92-4 + 
41 GT-93-2 + 
42 GT-94-1 ++ 
43 GT-95-3 + 
44 GT-98-1 + 
45 GT-99-2 ++ 
46 GT-100-2 Wt 
47 GT-102-1 + 
48 GT-103-1 Wt 
1.0 
1.0 
2.0 
2.0-3.0 
2.1-3.0 
2.1-3.0 
2.1-3.0 
3.1-4.0 
2.0 
4.1-5.0 
2.0 
2.0 
2.0 
3.1-4.0 
2.1-3.0 
3.1-4.0 
2.1-3.0 
2.1-3.0 
2.1-3.0 
3.1-4.0 
3.1-4.0 
2.1-3.0 
3.1-4.0 
3.1-4.0 
2.1-3.0 
3.1-4.0 
2.1-3.0 
2.1-3.0 
2.1-3.0 
3.1-4.0 
2.1-3.0 
4.1-5.0 
2.0 
1.0 
3.1-4.0 
2.1-3.0 
2.0 
1.0 
2.1-3.0 
1.0 
2.1-3.0 
2.0 
2.0 
3.1-4.0 
2.1-3.0 
2.0 
2.0 
2.1-3.0 
Highly resistant 
Highly resistant 
Moderate!) resistant 
Tolerance 
Tolerance 
Tolerance 
Tolerance 
Susceptible 
Moderatels resistant 
Highly susceptible 
Moderatel_\ resistant 
Moderatel} resistant 
ModerateK resistant 
Susceptible 
Tolerance 
Susceptible 
Tolerance 
Tolerance 
Tolerance 
Susceptible 
Susceptible 
Tolerance 
Susceptible 
Susceptible 
Tolerance 
Susceptible 
Tolerance 
Tolerance 
lolerance 
Susceptible 
Tolerance 
Highly susceptible 
Moderatel) resistant 
Highly resistant 
Susceptible 
Tolerance 
Moderately resistant 
Highly resistant 
Tolerance 
Highly resistani 
Tolerance 
Moderatel) resistant 
Moderately resistant 
Susceptible 
Tolerance 
Moderately resistani 
Moderately resistani 
Tolerance 
49 GT-105-4 Wt 
50 GT-107-2 + 
51 GT-108-3 + 
52 GT-109-1 Wt 
53 GT-IIO-I ++ 
54 GT-111-5 ++ 
55 GT-112-2 + 
56 GT-116-1 + 
57 GT-117-2 + 
58 GT-118-3 Wt 
59 GT-120-5 + 
60 GT-122-7 ++ 
61 GT-124-2 ++ 
62 GT-126-1 + 
63 GT-128-2 + 
64 GT-129-1 + 
65 GT-130-3 + 
66 GT-131-16 + 
67 GT-132-1 + 
68 GT-133-8 + 
69 GT-134-4 Wt 
2.0 Moderately resistant 
2.1-3.0 Tolerance 
2.1-3.0 Tolerance 
2.0 ModerateK resistant 
2.1-3.0 Tolerance 
1.0 Highly resistant 
2.1-3.0 Tolerance 
2.1-3.0 Tolerance 
2.0 Moderately resistant 
2.0 Moderatel) resistant 
1.0 Highly resistant 
1.0 Highly resistant 
2.1-3.0 Tolerance 
2.1-3.0 Tolerance 
2.0 Moderatel) resistant 
1.0 Highly resistant 
2.0 Moderatelx resistant 
2.0 Moderate!) resistant 
4.1-5.0 Highl\ siisceiitible 
2.1-3.0 Tolerance 
1.0 Highly resistant 
Zygosity: Wt = wild type Bt; + = hemizsgous Bt; ++ = homozygous Bt 
Table 22: Screening of ^/-cauliflower 
Helicoverpa armigera (Hub 
and ^/-cabbage germplasms against 
) under green house condition 
Treatment Germ plasm Zvgositv Survivorship of the larvae 
J O J 
24 hrs 48 hrs 72 hrs 96 hrs 
1 GT-OI-I Wt I2» 1!^ 91m g.,k 
2 GT-03-I + 2|er 19!! l ^ l s h i i k l i i i y i ' M k 
3 GT07-2 Wt 2 g b c d -^oabcd -^^abcdefl -^/-kabcdeftihi 
4 GT-09-3 + 2^bcde 26b' ' ' ' •^  *abcdef 1 nbcdeiglii 
5 GT-21-1 ++ 24Cdef 2^bcdefg •^-^abcdefiih ] obcdefiihi 
6 GT-23-2 + 2gbcde -jyibcder -^/^bcdefyhij 1 -jcdetyliij 
7 GT-29-6 + '^gabcd •^oabcd ->£-abcde -^/•jabcdetghi 
8 GT-30-3 + 23bcd -^oabcd Tcabcde 1 gbcdetehij 
9 GT-31-2 Wt 2^bcde - jcbcdefg 1 qcdeiuhijk 1 i^etyhik 
10 GT-46-2 + 2gbcd -j-ybcdet 26"""' •)cabcd 
I I GT-47-2 + 28"'" •^oabcde -^cabcde 12"'"-
12 GT-48-4 Wt 2 g b c d 'J -yabcri 26"""* 1 ^fyJfjjk 
13 GT-50-7 -+ 28bcd -^o^bcd •^jabcdet" 1 -^yhiik 
14 GT-52-1 Wt 29bc -^oabcd '^j^abcdef -5 cahcd 
15 GT-33-4 ++ 29bc -y -jabcde 27""' -) 1 ibcdelVih 
16 GT-56-2 + 30" 2 ^ a h c 28"" 26""' 
17 GT-57-2 - 30'' 30^' 27*"' 1 Q:v-defi;hi 
18 GT-58-1 Wt 29bc •^z^bcde^ •^cabcde 1 Ql'Cdefyhi 
19 GT-59-3 ++ 29"' 29abc 26"""' 1 y-ciefuliijk 
20 GT-60-2 ++ 30'' 30'" 29" J c; abed 
21 GT-61-3 Wt 29"' •^qabcd 29" -jTiibcdef 
22 GT-62-2 ++ 28""' '^Qabcd -jcabcde •J 1 arcdetgb 
23 GT-63-1 Wt 29"' 28* ' -^-laht -) ->(ibcdef 
24 GT-64-3 ++ 30" 30"" 27"'" 2 j . ' ^ cde 
25 GT-67-! -• 30" 29* ' -,-.nlH- , ^ K M ; : h , 
26 GT-68-2 ++ 28""' 26"""' -) labcdef' - j / jabt k'tiibi 
27 GT-7I-I + 30'' 29*'- -)cabcde 18"""'^"' 
28 GT-72-3 + 26""''' 2 | b e r g 1 Qcdefghiik 1 gbctlefyhi 
29 GT-73-1 ++ -j^bcdet" -^-jcdefg -J 1 abcdettihi 'J 1 abcilctiih 
30 GT-74-2 + 2gbcd '^-^abcde •^^ abode -> ^d lxd 
31 GT-77-1 + 28""' 20'» 1 qcdefyhijk 1 gbcdffghi 
32 GT-78-2 + 30" 30'" 29"' 29" 
33 GT-80-1 ++ 27""' 23cderu 12;*^ '"' 12'"*^  
34 GT-8t-4 ++ 2^bcde j ^ c d e f 5m 5^  
35 GT-82-1 + 30" 29"' 26"""* 26""' 
36 GT-83-2 ++ •^^bcd j g a d - jr ibcdetghi i -^<-^abcdet\il^l 
37 GT-86-1 + -^cbcdef -^j^bdety 1 -yetiihiikl 1 -ycdetyliii 
38 GT-87-3 ++ 25bcde f 2 ^ a b 1 -Jjl^'n' 12'")i 
39 GT-90-1 + '^-^bcd -^/r bedel' •y -\ abcdeluh '^'^abdelx:c 
40 GT-92-4 + 23der - jTcdct l ' 12-'*''"* 1 -)bi]k 
41 GT-93-2 + -^-ybcd '^'^detu -) ^abcdel" 2 ^ a c t d 
42 GT-94-1 ++ 28""' •^/rbcdet 1 cubi jk lm I j e l e i i k ' , 
43 GT-95-3 + 2 3 del 2 | e t u 1 ^y lu jk l i i i 1 getui lkl 
44 GT-98-1 + 29"' 28""' •^cabcde 25""'" 
45 GT-99-2 ++ -j-ybcd 2gbcefs -J 1 abcderyhi -J 1 atgbcdcfi 
46 GT-100-2 Wt 2gbcd 28"" ' 1 -^elUliijkl 1 y^i jcedctgi ! 
47 GT-102-1 + - j c bedel' 2 jbcdet"y 1 odefgh i i l 1 oibcdetiih 
48 GT-103-1 Wt 23bcd 28""* ' j - iabcdelg -^-labcdel' 
49 GT-105-4 Wi 20'' 19s 1 ib i jk l i i i 1 4,)ktghi 
50 GT-107-2 + 29" ' '>/-bedel •^(xbcdet'iilin T/^abcdetlibt 
51 GT-108-3 + 27a -)cbcderji •^-^abcdefgh -^-^abcdelii 
52 GT-109-1 Wt •^-ybcd •^cbcdt-'ty I *hi |klni I j ikiVh. 
53 GT-tlO-1 ++ 30" 29" ' -fTabcdefg •\ -labcdet 
54 GT-111-5 ++ -^cbcdei" 24bcdelL! |3„k lm 1 y'^"' 
55 GT-112-2 + 25bcde 29abc •-\ -labcdetg -5-iabcdet 
56 GT-116-1 + 25bcde 24bcderg 'ji-jbcdetuhti Tz-vabdefyhi 
57 GT-117-2 + ')-7bcd 2gbcdf 1 j l i i j k l n i [4)^tg>i ' 
58 GT-118-3 Wt T/-bcde 2 c b c d t y 1 odefiihiik 1 obcdefLihi 
59 GT-120-5 + 2gbcde •^•yabcd I3„ki,„ I3,kh, 
60 GT-122-7 ++ -^•^bcd 25bcdes 1 1 klm , | A i 
61 GT-124-2 ++ 29bc -^-^abcde -y 1 abcdelyli -\ 1 abcdefti 
62 GT-126-1 + 28cd '^obcdey •y -3 abcdey -> -labcdef 
63 GT-128-2 + 2 9 ' •^oabcd 1 -^eyhijkl 1 -fjbcdefubi 
64 GT-129-1 + 2 7 " * 19-" p j k l m 1 2lk"i 
65 GT-130-3 + 2^cde 26""* ' 1 ycyhi ik l 1 .^iVJelehi 
66 GT- I3 I - I6 + 2 6 ' * 21 •"-" , ^ , h . k ) | ^ . . d e W . 
67 GT-132-1 + 28 ' " -^oabcd 2yabc IT 
68 GT-133-8 -•- 30" -^/-bedel' -j-)abcdeub -)~) fbcdeJg 
69 GT-134-4 Wt 24Cde|- 2]et\ i 1 •\klm 1 Tl'^'^'l 
SEM 0.982 1.559 1.507 1.559 
CD at 0.5 % 1.944 3.084 2.980 3.087 
Infestation level = 10 larvae/leaf disc 
Sample size = 40 neonate in each treatment 
Zygosity: Wt = = wild type Bt; + = hem izygous Bt; ++ = homozy gous B 
GT-47-2, GT ^ 8 - 4 , GT-50-7, GT-80-1. GT-86-1. GT-94-1, GT -95-3, GI-100-2. GT-
103-1, GT-105-4, GT-109-1, GT-128-2, GT-130-3 and GT-131-16 were graded as 
moderately resistant (MR) having larval damage score of 2.0. Similarly, twenty six 
transformed wild species viz., GT -09-3-4. GT-21-1, GT-23-2, GT-53-4. GT-57-2. 17. 
GT-58-1, GT-59-3, GT-62-2, GT-67-1, GT-68-2, GT-71-1. GT-72-3. GT-77-1, GT-83-2. 
GT-90-1, GT-93-2, GT-99-2, GT-103-1, GT-107-2. GT-108. GT-l 10-1. GT-112-2. GT-
116-1, GT-124-2, GT-126-1 and GT-133-8 were found to be moderately susceptible (T) 
showing leaf damage score of 3.0. However. GT-46-2, 10, GT-52-1, GT-56-2. GT-60-2. 
GT-61-3, GT-63-1, GT -64-3, GT-68-2, GT-74-2, GT-82-1 and GT-98-1 were rated as 
susceptible (S) based on leaf damage score of 4.0. Only two germplasms (GT-132-1 and 
GT-78-2) exhibited the score of 5.0. hence rated as highly susceptible (HS) (Plat 10). 
In contrast to DBM detached Bt transformed wild species, leaf bioassays were 
also used to assay cry IB cauliflower and cabbage resistant transformed wild species for 
resistance to neonate of Helicoverpa armigera. In these assays. GT-132-1 and GT-78 2 
leaves showed severe leaf damage (over 80% defoliation) having 0 to 20 % larval 
mortality. There was no apparent difference between the Bt transformed wild species on 
insect survival. 
In all replicates of the bioassays, GT-81-4 germplasms with moderate or high 
level of Cry IB protein caused 80% mortality of neonate of Helicoverpa armigera (Table 
22). The germplasms namely GT-52-1, GT-56-2. GT-60-2, GT-. 61-3 with low level of 
Cry 1 B protein, suffered average 40 % defoliation. Larval growth was se\ erely inhibited 
on all of these germplasms and larvae were found dead after 96 hours of feeding. 
Remaining Bt transformed germplasms were found statistically on par with each other. 
4.7. Bioassays: 
Response of 3'^ '' instar DBM larvae (measuring 0.5 ± 0.1cm and weighing ±2 mg' 
larva) reared in the laboratory was determined to a test insecticide. The toxicological data 
from this study is presented in Table 23. 
Since observed Chi-square values were less than the tabulated Chi-scjuare value. 
hence there was a good fit of observed and expected responses in all the laborator\ 
studies. Among synthetic insecticides, the LCso value for fipronil was calculated as 
0.131|ig with fiducial limits ranging from 0.0012 to 0.0998. Similarly, the LCso \alue for 
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indoxacarb was 0.674 |ig with fiducial limits ranging from 0.2133 to 3.422. The LCsd 
value for cypermethrin was computed as 1.0177 |ig with fiducial limits ranging from 
0.5516 to 2.4610. Among Bt toxin formulations. LCso value recorded for cry IB Aligarh-
I" collection, was 0.08 \xg with fiducial limits from 0.0481 to 0.1306 and for Aligarh-2"" 
collection, it was 0.073 |ag with fiducial limit 0.0392-0.1304. Similarly the LC50 value for 
cry IC was calculated as 0.137 |Lig with fiducial limits ranging from 0.0392 to 0.1304. 
4.7.1 Determination of effective dose of insect growth regulators: 
When DBM larvae were treated with an insect growth regulator (l(iR) 
particularly novaluron, unlike the conventional insecticides, the larvae exhibited an 
abnormal behavior and development instead of acute mortality. The abnormality was an 
apparent behavior during the subsequent moults as the larvae became incapable of casting 
exuviae; this led to mortality at pre-pupal and pupal stages. The effect of IGR on DBM 
larvae was evaluated by considering the post-treatment effects such as lar\ al. pre-pupal 
and pupal mortality. The calculated value for EC50 for novaluron toxicity was recorded as 
0.031 ppm with fiducial limit ranging from 0.0012-0.0998. 
4.7.2 Residual analysis: 
The determination of residues at recommended doses of indoxacarb (50g ail. 
cypermethrin (60g ai) and fipronil (75g ai) was done on cauliflower curd through gas 
liquid chromatography, where as for spinosad (50g ai) and imidacloprid (35g ai). High 
Performance Liquid Chromatography was employed after 5. 8 and 15 day of each spra\. 
The residues after 5'^  day of indoxacarb spray on cauliflower curd was recorded as 2.40 
|ag/ g, it subsequently dissipated with time and on 8"^  day. only 0.29 fag/ g of residue was 
detected in the marketable curds (Table 23). Similarly, fipronil deposit was recorded to a 
level of 0.604 \ig/ g after 5 days of application, reducing to 0.168 |ig/ g on 8"^  day of 
application. The cypermethrin deposits, after 5"' day of spray was obtained as 0.021 |.ig g 
and dissipating with time leaving no detection of residues on 8''^  da\ after initial 
application. Recovery of spinosad residues from curd was obtained to a level of 3 5 |.ig/ g 
on 5"^  day after spray and it persisted even on 8"' day to a level of 0.4 jig/ g. Mycocin was 
a mixture of two compounds of chlorpyriphos 50% and cypermethrin 5%. The residue of 
chorpyriphos on 5'^  day after spray was recorded as 0.007 |.ig/ g. and it further dissipated 
60 
to 0.003 ]xg/ g on 8' day. Cypermethrin residue was however not detectable after 8"' da\ 
of its initial application. 
The data on the residues of imidacloprid in leaves resulting from seedling 
root dip treatment have been presented in Table 23. Persistence of imdacloprid was 
detected as 0.295 fig/ g, 0.437 |ig/ g and 0.278 [ig/ g from replicate 1. II and III 
respectively, even after 30 days of application. 
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Fig. 9: Effect of synthetic insecticide and Bt- formulation on population count of 
Cotessia plutella pupae/ plant under natural condition 2006-07. 
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Fig. 11. Effect of synthetic insecticide and Bt- formulation on population count of Aphid / 
plant under natural condition 2007-08 
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Plate 1: Field scout 
a. Farmer field at Jarudakalan 
b. Farmer field at Najafgarh 
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Plate 3: 
a. Aphids (Lipaphis erysimi) 
b. Damage caused by the larvae of diamond back moth {Plutella xylostella) 
c. Larvae of diamond back moth {Plutella xylostella) 
Plate 4: 
a. Larva of cabbage head borer (Hellula undalis) 
b. Damage by cabbage head borer {Hellula undalis ) 
c. Larva of cabbage caterpillar {Crocidolomia binotalis) 
d. Damage by cabbage caterpillar {Crocidolomia binotalis) 
Plate 5: 
a. Larva of tomato fruit borer (Helicoverpa armigera) 
b. Larvae of cabbage armyworm {Spodoptera litura) 
C. Damage by larva of cabbage armyworm {Spodoptera litura) 
Plate 6: 
a. Larva of cabbage semilooper {Trichoplusia nil) 
b. Damage by larvae of cabbage semilooper {Trichoplusia ni) 
c. Larvae of cabbage butterfly (Pieris brassicae) 
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Plate 8: P. xylostella damage score in Bt- cauliflower 
Plate 9: Parasitoids in cole crop ecosystem 
Plate 10: Natural enemies 
a. syrphid maggot b. Syrphid maggot 
c. Cotesia plutelae adult il. Cotesia plutelae adult 
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Plate 11: Predators of aphids 
a. Coccinella octumpunctata 
c. Coccinella septumpunctata 
e. Coccinellids pupae 
b. Coccinella sp. 
d. Coccinella sp. 
f. Coccinella grub 
Discussion 
5. Discussion 
5.1. Determination of status of insect pest, their natural enemies and current 
management practices: 
It was revealed that, Feb-April (late winter) and April-August (warm weather and 
intermittent rainy season) were quit favorable for build up of larval population of Plufelhi 
xylostella (L.). These findings are in agreement with work of Ahmad and Ansari (2010) 
However, Jayarathnam (1977) and Nagarkatti and Jayanth (1982) found a significanth 
high build up of larval population during rainy season (July-September) as compared to 
other factors. Climatic conditions, including higher temperature and decreased rainfall 
have been found as major factors, regulating the population dynamics of DBM. Similar 
was the opinion made by (Harcourt, 1986) and Shelton el al. (2004) that hot and dr} 
conditions were known to be conducive for outbreak of this species. The opinion made 
by Taleker and Shelton (1993) that increased temperatures could lead to the production of 
more generations per season was in support of present findings. 
In an attempt to overcome resistance, farmers increased the doses or used 
mixture of insecticides and spraying was done at every 2"'' or 3''' da}'"s inter\al. these 
observations are very well supported by Talekar and yang (1991). High infestation levels 
by DBM were probably as a result of e.\cessi\e insecticide applications and also because 
of the history of resistance rather than outbreaks and were also attributed to lack of 
effective natural enemies in a specific region or disruption of these natural enemies. 
similar opinion was also advocated by Talekar and Shelton (1993). In present stud>. 
DBM reached maximum level showing two peaks at different intervals in one cropping 
season causing a significant amount of loss to the growers thereby compelling them to 
follow repeated sprays in their fields. 
5.2.1 Effect of abiotic factors on the incidence of major insect pest and their natural 
enemies: 
Climatic factors played a dominating role on reproduction. longevit\ and 
dynamics of most of insect pests. As such, the fluctuations in population level were 
closely correlated with changes in weather. 
62 
During 2006-2007, the minimum temperature showed a significant positive 
influence on DBM population build up in cauliflower ecosystem. On contrary, during 
2007-08, wind speed exhibited a significant positive effect on the population. The present 
result are well supported by the work of Lai (1939) and Chin (1974) who observed 
significant impact of temperature in comparison to humidity on dynamics of P. xylostella. 
Similarly Gera and Bhatnagar (1992) indicated the activity of diamondback moth to be 
more at a maximum temperature of 16.2 to 28.8 "C and a minimum 1.9 to 7 "C coupled 
with a relative humidity of 65 to 91%. In the present studies, the maximum activity of the 
pest was observed during third week of March in both crop seasons and during this 
period, maximum and minimum temperatures ranged between 25 °C and 10 "C coupled 
with high relative humidity of 75 to 80%. 
As far as dynamics of and incidence of L. erysim was concerned, except rainfall 
and wind velocity, no other weather parameter could show any significant effect on this 
species, such observations are in conformity with the observations of Singh and Singh 
(1989 & 1994), who found that none of the abiotic factors showed significant correlation 
with L. erysimi population. Zaz and Khushwaha (1983) and Abu et ai. (1998) reported 
that temperature and rainfall exerted a negative while relative humidit\' exhibited a 
positive role on the regulation of A/, persicae and L. erysimi. 
5.3.1 Distribution pattern of major insect pests and their natural enemies: 
The mean (X) and variance (S") obtained from series of samples taken o\er 
several weeks for major insect pest and their natural enemies weie used so as to 
determine the distribution pattern of these insect pest in the field. 
The variance and mean obtained for DBM and their ratios over several weeks 
indicated that larval distribution was of aggregated in nature initially owing to loss of 
population density. Subsequently with passage of time and crop growth the distribution 
pattern turned out to be regular because of high DBM population. Such observations were 
further elaborated by David and Moore's index, Charlier coefficient and Lexis index. 
David and Moore's index values completed two seasons were more than zero, which 
showed contagious nature of larval distribution. Similarly. Chariiier coefficient \alues 
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were also more than zero in both the seasons, which again suggested that, the larval 
distribution was aggregated. 
Lexis index values of larvae were always more than one in both the years. Lexis 
index values also showed that larval distribution was contagious. The K values for larval 
distribution in both the seasons were less than 8. which indicated that lar\al distribution 
was of aggregated nature. But the degree of aggregatedness was more in early stages of 
the crop during 2006-07. Mean crowding, intensity of interaction was ver\ less which 
gradually reached to maximum level in the middle of the crop duration and then declined 
steadily. All the above tests revealed that DBM larvae followed an aggregated mode at an 
initial stage then showed a regular distribution. This regular distribution indicated the 
maximum mean population in field and such observations are in conformitv with Chua 
and Lim (1979); Srinivasan and Rao (1987); Rai et al., (1992). 
5.3.2 Aphid (L. erysimi): 
Similarly, the variance and mean values of aphids {L. eysimi) and their ratios were 
calculated more than one, during 2007-08. At early stage of crop growth season, the 
distribution was found to be of contagious nature but it remained more during 11''' and 
12' week after transplantation. Thereafter, it declined gradually due to less aphid 
population till harvest of the crop. Rain affected the aphid population, resulting to less 
aggregation in aphid population during 7"^  and 6"' week after transplanting, during 2007-
08. The population was more than unity, indicating the aggregated distributicm of aphids. 
The value computed for dispersion parameter K was less than 8 in all the weeks of 
observations except 14"^  week after transplanting suggesting the distribution pattern as 
clumped. If the value of K was small it indicated a greater aggregation of population 
(Southwood, 1978). 
David and Moore's index, Charlier coefficient and Lexis index were also 
derivatives of the variance to mean ratio. If the values of David and Moore's index. 
Charlier coefficient, are more than zero and that of Lexis index is greater than one it 
indicates the aggregated distribution of aphids. In the present study, the values suggested 
that aphid population was always clumped or aggregated in both the years. W hile 
investigating the details on aggregation mean crowding (X) and patchines index \alues it 
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was found that mean crowding, (the intensity of interaction), was very high throughout 
the season. The initial mean crowding increased during the season and reached maximum 
after 12"^  week, thereafter it decHned. Similarly, the peachiness index values were high at 
initial stages but declined at the maturity of the crop coinciding with harvest. The 
patchiness was always found to be more than one indicating contagious nature of 
population throughout the season. However its intensity was recorded more initially but 
as the season advanced, the contagiousness decreased due increase in aphid population. 
Singh et al., (1993) and Wang et aL, (1995) also reported the similar results. 
5.4. Assessment of simulated Bt transgenic cauliflower and current insect pest 
management: 
5.4.1 Diamodback moth {P. xylostella): 
DBM larvae were significantly reduced 15 days of spray and the values recorded were 
3.0 and 1.05 larvae/ plant, respectively. Other treatments were, however found 
significantly better than control but interior to treatment mentioned above same trend was 
also observed during 2007-08. In model III (Bt var. aizawai @ 1500g/ ha and model II 
(Bt var. aizawai @ lOOOg/ ha) recorded zero and 0.55 larvae/plant respectively. In 
general, appearance of DBM could be noticed after 7 days or 8 days of all chemicals and 
therefore most of the farmers were bound to spray chemicals on a calendar based 
schedule. Since simulated transgenic plants showed superiority even after 15 days of 
spray, leaving no deleterious effect on natural enemies therefore could be the best 
alternative solution for synthetic insecticide. These findings are in conformit} with those 
of Adamczyk et al., (2001) who reported Bollgard II remained superior as compared to 
conventional insecticides to manage lepidopteran insects. All cry 1 AC and cry IC coliard 
plants in witch Bt protein was detected could cause complete mortality of DBM larvae 
(Cao et al., 2005). 
When the performance of all treatment one day after spraying was assessed 
indoxacarb brought about the maximum DBM population reduction (71%) followed by 
fipronil (65%), spinosad (61%)), cypermethrin (61%o) and August-5 (53%). The efficiency 
of Bt -isolate August -5 was found on par with indoxacarb and spinoad at 3' ' and 5"' day 
after spray. After the 7"^  day of application, the efficacy was further increased, showing 
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74.89 to 97.03% population reduction for respective treatments, however, spinosad 
(97.3%) and indoxacarb (94.12%) showed superiority over other insecticide on 
population reduction. The efficiency of all these synthetic insecticide nevertheless 
declined after 15 days of initial spray performance. 
5.5. Efficacy of Bt var. aizawai and new insecticides on wild and laboraton 
population of P. xylostella under nature and contained condition: 
All the treatments exhibited significantly superior performance on the laboratory 
population of DBM over wild. After one day of spraying, the treatments on cumulative 
basis could bring down 40.47, and 46.39% of wild and laborator> population, 
respectively. Whereas, on third day after spraying, the corresponding per cent population 
reduction of wild and laboratory population were recorded as 51.36 and 0.38 %. On the 
other hand the reduction in wild population, while taking observation after 5 da\s of 
application the reduction in the population was recorded as 61.77% as ccmipared to 
laboratory population. However after 7"^  day of application, the reduction in population 
was recorded low (53.23%), this condition was attributed to rapid multiplication of 
diamondback moth coupled with decreasing efficacy of insecticides. Laboratory 
populations were found to be more susceptible to insecticides. The reason could be 
attributed due to variation in DBM population under laboratorx as well as open 
environment. The problem of immigration under contained condition could be minimized 
but providing natural environment. This resulted in minimizing the experimental error to 
record the data on mortality per plant. On the other hand, wild population was greatly 
influenced in their population count due to migration as well as immigration of lar\ae. 
Whereas in contained condition, it was possible to determine the exact cause and effect of 
treatment applied. In present investigation under contained environment, the maximum 
population reduction was noticed even after one day of insecticide application. 
5.6 Screening of ^/-cauliflower and cabbage germplasms for resistant 
igainst DBM and H. armigera: 
The chemical control measures of insect pests arc quite cumbersome. invoK es 
huge expenditure and posses residual toxicity forbidding their use in large extent. To 
overcome this problem the best alternative lies in the development of genetically 
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engineered resistant cultivars whicli could become as a functional component in 
integrated pest management (Chaudhary and Sharma, 2000). 
The germplasms GT-01-1. GT-47-2, GT-92-4, GT-81-4, GT-122-7. GT-134-4 
exhibited good level of resistance to DBM and H. armigera by showing the least leaf 
damage score (1.0) Thus findings are in complete agreements with the work of Metz et 
al., (1995) evaluating 162 kanamycin resistance plants and found 100% 
mortality o f f instar larvae of Bt susceptible DBM strain. 
5.7. Bioassay: 
Toxicity of different Bt toxin and newer insecticides were bioassayed against 3'^ '' instar 
larvae of DBM. Where all the Bt treatment viz.. Cry IB, crylC and Bt var. aizcnvai 
exhibited high toxicity to DBM larvae than synthetic insecticide. However, among the 
treatment insect growth regulator novaluran was superior by having lowest LC50 value as 
0.031. In other hand indoxacarb and fipronil was at par though toxicity of flpronil was 
higher than indoxacarb. 
These bioassay studies confirm that these insecticides were effective against 
3'^ *' instar larvae of P. xylostella. Moreover similar kind observations were reported by 
several workers from time to time Gujar et ai. 2007. Sastrosiswojo and Nusantara (1986) 
observed 44.65. 67.29. 94.97 and 84.90% mortality for l", 2"^ 3'" and 4"^  instar lar\ae of 
a P. xylostella with Bactospein 500ppm application in the laborator}. 
5.8. Residue analysis: 
To determine the persistence of newer insecticide on cauliflower curd, sample 
was taken in different period as 5. 8 15 day after spray. The result infers that all 
insecticide residues consistently with time in cauliflower residue s persisted in 
cauliflower up to 8 days whereas cypermethrin residue were detected up to 5 da} s and 
completely dissipated on 8"^  day after spray. Similar behavior of these insecticides in 
ready mix (spark and polytrin) formulation on okra fruit was observed b\ Shah et ai., 
(1999) with half-life period of 3.95 and 5.09 days for cypermethrin and deltamethrin, 
respectively. Masood Khan et ai, (1999) reported half-life of 2.25 days for cypermethrin 
in okra fruits and Gupta (2005) reported that Fipronil and indoxacarb persistence 
maximum up to 7 days in Okra. 
67 
Summary 
6. Summary 
Advances in transgenic plants expressing Bacillus thuringiensis (Bt) insecticidal gene 
(s) have offered a promising alternative to traditional insecticides for control of 
lepidopteran pests on cole crops. A public-private partnership Collaboration on insect 
Management for Brassicas in Asia and Africa (CIMBAA). was formed in 2005 v\ ith 
goal of developing dual gene Bt cauliflower and cabbage for Asia and Africa to 
replace the use of broad spectrum traditional insecticides. There is a need lo address 
its bio-safety issue before the dual -gene Bt plants are released to farmers in India, in 
this context, an experiment was conducted with following specific objectives; (i) to 
determine the present status of insect pests damaging cole crops, (ii) Collecting 
information on management practices adopted by farmers growing the cole crops, and 
also studying seasonal incidence and distribution pattern of major insect pests and 
their natural enemies specifically in insecticide free caulitlower fields, (iii) A 
comparative study on simulated fir-transgenic cauliflower and current insect pest 
management practices and their impact on natural enemies. (i\) Studies on the 
performance of Cry lBa2 + CrvlCa4 dual-gene cauliflower and cabbage against 
diamondback moth {Plutella xylostella L.) and Tomato fruit borer (Helicoverpa 
armigero Hub.) under green house condition. (\) Evaluation of C/v 1 Ba2 toxin. Crv 
lCa4 toxin, Bt var. aizawai (Xentari) vis-a-vis common insecticides against S"* instar 
of P. xylostella L. and (vi) to determine persistence and dissipation of commonly used 
insecticide on cauliflower. 
Field and laboratory experiments were conducted during 2006 to 2008 at 
Indian Agricultural Research Institute, New Delhi, and also adjacent farmer's field. 
The experiment site was situated at 28° 35' N latitude, IT 12" E longitude and at an 
altitude of about 227 m above the mean sea level of Arabian sea. The climate was 
semi arid and sub-tropical type with extremes of weather conditions. Summers were 
hot and dry. May and June being hottest months with maximum temperature ranging 
from 41 °C to 45 °C. Winters were severe, with minimum temperature varying 
between 4 °C to 7 "C during January. The mean annual rainfall was around 740 mm. 
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nearly 80% of which was received during July and September. The winter rains were 
also recorded but their intensity, precipitation and duration were uncertain. The mean 
wind speed varied from 0.7 to 16.1 km/hr during October to April. 
While determining the seasonal incidence of insect pest fauna, it was found 
that diamondback moth (Plutella xylostella L.) commonly known as DBM 
commenced it attack on cauliflower {Brassica oleracea var. botrytis) and cabbage 
{Botrytis oleracea var. capitata) during the seedling stage starting V^ \\eek after 
sowing till second week of November. It multiplied and attained an average highest 
population during the first week of September. Thereafter, the population graduall\' 
decreased up to fourth week of February, after decrease in number, it again increased 
and reached to maximum in second week of March, This condition, having more 
population count, prevailed till the harvest. The population, nevertheless multiplied 
rapidly but repetitive spray with highly effective insecticides like indoxacarb and 
spinosad, usually in over doses, were applied by the farmers that had kept the 
population under check. 
Mustard aphid {Lipaphis erysimi Kalt.) commenced attack on caulitlower and 
cabbage during the second fortnight of November. It attained the highest population 
during fifth week of Februar% and kept their presence on the crop till har\est. The 
appearance of leaf miner {Liriomyza trifolii Burg.) took place during the first week of 
October, multiplied slowly and reached to peak population during the third week of 
October and then disappeared gradually. 
The larvae of tobacco caterpillar {Spodoptera litura F.) appeared during the 
third week of November, coinciding with the curd formation stage. This species was 
considered to be a minor pest but having sporadic occurrence. Whiteflies (Bemisia 
tabaci Genn.) made their presence on plants during the fourth week of November and 
remained present up to first week of January. A low population of grasshoppers 
particularly Oxya velox (Fab.) was noted during the second and third week of January. 
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The most common natural enemies of DBM and mustard aphid (viz.. Cotesia 
plutellae, Syrphid maggots and Diaeretiella rapae) were however not recorded from 
the crop taken by the farmers during 2006 probably due to indiscriminate use of 
insecticides at frequent intervals, throughout the year. The coccinellid population was. 
nevertheless noticed at low intensity during second and third week of March. Spiders 
were also recorded in second and third week of November. 
During the year 2007-08; Spodoptera litura (Fab.), a sporadic pest, made its 
appearance from the first week of September, continued its activity till fourth week of 
November, nevertheless showing highest population in 3'^ '' week. During this period, 
most of the farmers initiated spraying of conventional insecticides, on a weekly basis. 
with high concentration in order to manage pest population. 
The activity of leaf webber {Crocidolomia hinotalis Z.) was witnessed in the 
first and second week of September. The presence of whitefly (Bemisia tabaci Genn.) 
was noted much earlier, than recorded in previous year, during first and second week 
of October. Leaf miner {L trifolii) infestation was also recorded during this period. 
On the other hand, cabbage butterfly (Pieris brassicae L.) larvae were seen in small 
numbers during first three weeks of April, reaching maximum at the later stage of 
crop growth. 
During 2007-08, DBM was once again recognized as a major pest causing 
substantial yield lose particularly on cauliflower and cabbage. When interviews with 
farmers in respect of frequency of pesticide application, were made, it was found that 
45.08% of the farming community made their decision only after seeing the 
appearance of pest on crops. However, around one third (39.73 %) of them followed a 
calendar schedule, whereas 15.18% decided on both. Most of the farmers (54.46%) 
obtained the knowledge on spray by their own experience and also through pesticide 
suppliers (25.00%). However, the advice received from extension (5.80%) personals 
and other farmers (14.73%) was of less importance. An alarming situation was also 
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brought to the notice that the application rate of pesticide varied from 850 g ai to 1150 
g ai/ha, at 7 to 15 days interval, making an average of 6 to 8 sprays in a season. 
Out of the total expenditure incurred upon raising the crop in a season, the 
farmers had spent about Rs. 6000 to 9000/ ha. contributing about 15 to 20 % as input 
cost on the insecticides only. 
On the basis of quantitative analysis, duration of availability and damage 
appraisal; the two insect species diamondback moth {Plutella xylostella L.) followed 
by mustard aphid {Liaphis erysimi Kalt.) were categorized as major pests of 
cauliflower and cabbage. The other insects namely Pieris brassicae (L.). Myzus 
persicae (Sulz.), Brevicoryne brassicae (L.), Spilosoma obliqua (Walk.), Spodoptera 
litura (Fab.) and Trichoplusia ni (Hub.) were designated as minor pests. The rest of 
insect pests found were considered as stray. The natural enemies recorded were 
identified as Cotesia plutellae (Kurd.), Coccinella septempunctata (L.). Coccmella 
transversalis (Fab.), Menochilus sexmaculata (Fab.), Hippodema varigata (Goaz.). 
Ischiodan scutallaris (Fab.) and Diaeretiella rapae (M'Intosh). 
While making a detailed study on the incidence of DBM. its larvae commenced 
attack on cauliflower during the 2'"^  standard week of 2006-07. Subsequently, the 
larval population increased gradually reaching to peak during 11"' standard week. Ihe 
population again declined gradually. However, during 2007-08. the incidence was 
noticed from 11 "^  standard week showing a gradual increase by the end of 14"' 
standard week. Intrestingly, the trend of population fluctuation on the crop during 
both years was almost similar, except the intensity of pest population, which was 
found comparatively low during 2007-08. 
The invasion of Lipaphis erysimi was seen from 1st standard week, reaching to 
peak on lO"^  standard week and thereafter, its incidence declined gradualh until 14th 
standard week. 
The Cabbage butterfly (Pieris brassicae) made its appearance at a low 
intensity on 7"^  standard week during 2006-07 and thereafter its population gradualI> 
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increased, reaching maximum at maturity of the crop coinciding 11"' standard week. 
Whereas, during 2007-08, the relative incidence of this species was recorded much 
below than previous year. 
With regard to natural enemies of DBM and aphids, the incidence of syrphid 
and coccinellids was noted during the 5"^  and 7''^  standard weeks, respectively. 
whereas, Cotesia plutellae showed its presence in the form of pupal cases (coccon) on 
S"' standard week. Interestingly, syrphid maggots showed their highest population on 
8"^  standard week followed by a decreasing trend on 11"^  standard week. Similar was 
the trend recorded with respect to population fluctuation of coccinellid and Cotesia 
plutellae. 
As for as the impact of weather parameters on the population d} namics and 
incidence of various insect pests and natural enemies was concerned, it was tbund that 
no individual weather parameter could leave an impact to influence pest incidence 
and natural enemies, therefore multiple regression analysis was employed to 
understand the combined effect of all parameters or combination of more than one 
parameter. During the crop season 2006-07; maximum temperature, minimum 
temperature, relative humidity, wind speed, sunshine and rainfall together produced 
75.7% (R" =0.757) variation in DBM lar\al population, whereas the same paiamctcr^, 
together explained only 45.7% (R^=0.457) of variation in population during 2007-08. 
However, the minimum temperature showed significant and positive effect (based on 
/-value) during 2006-07, whereas wind speed exhibited a significant and positive 
influence on the population recorded in cropping season of 2007-08. 
The impact of weather parameters was also worked out for aphid's activit\. 
The parameters viz., maximum temperature, minimum temperature, relative humiditv. 
wind speed, sunshine and rainfall collectively caused 89 % (R' =89.70) of variation in 
population during 2007-08. However, of all the parameters, rainfall and wind speed 
exhibited significant and positive influence. While taking observations on cabbage 
butterfly {P. brassicae), it was seen that minimum temperature exerted a significant 
effect on the incidence of this species during both the years. All the weather 
parameters collectively explained 80.9% (R^ =0.809) and 80.4 % (R^ = 0.804) of 
variation in its population during in 2006-07 and 2007-08. respectively. 
Similarly, when observations were confined to natural enemies, irrespective ot^  
weather parameters, wind speed significantly influenced the incidence of coccinellids 
population in 2006-07. On the other hand, during successive crop season the relative 
humidity coupled with wind speed significantly influenced the activity of coccinellid 
population. In contrast, during 2006-07, none of the weather parameters could leave 
any significant effect on syrphid population but in 2006-07. rainfall significantly 
influenced its incidence. The minimum temperature however produced a significant 
impact on the dynamics of Cotesia plutellae, during 2006-07. 
When an attempt was made to evaluate the distribution pattern of major insect 
pests and their natural enemies on cauliflower, the variance to mean ratio showed 
more than one on all the weeks of observations for both the years. This condition was 
an indication of aggregated distribution pattern for DBM population. However, the 
increase in K value produced a gradual fall in the aggregate nature of population 
distribution. The other indices like David and Moore's index. Lexis index values and 
Charlier coefficient were also computed. It was found that aggregated condition was 
moving towards regular distribution values, indicating the trend inclined towards 
regular distribution. 
Similarly, the distribution values for L. erysiini were calculated. The variance 
to mean ratio for all the weeks was found more than one. thus indicating aggregated 
distribution, David and Moore's index. Lexis index. Charlier coefficient values 
suggested that the population was of aggregated in nature. K values were less than 8 
for all the weeks of observation and this condition supported clumping behavior of 
individuals in a population. Similarly, for coccinellids. variance was found more than 
mean on all the weeks of observations, hence showing an aggregated distribution 
pattern of population. Further, K value indicated a gradual reduction in aggregate 
nature of population distribution. Similar results were found with respect to 
calculafion on David and Moore's index. Lexis index and Charlier coefficient values. 
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The pattern of distribution of syrphid and Cotesia plutellae population had shown 
similarity with the observations as recorded for DBM and aphids. 
To understand the performance of transgenic Bt cauliflower and cabbage, 
normal plants were made to transgenic under field condition by using three 
concentrations of Bt var. aizawai sprayed at weekly intervals. It was found that Bt 
when applied at 1500 g/ ha could keep the DBM population below the economic 
threshold level even after 15 days of spray. 
The investigation carried out in 2006-07 revealed that the simulated Bt transgenic 
plants model-II and model-Ill were superior among all the treatments followed b> 
spinosad, nevertheless, showing statistical parity with indoxacarb. The application of 
indoxacarb, spinosad, mycocin, august-5, cypermethrin and fipronil could not contain 
DBM population significantly beyond 15 days of spraying, Whereas, simulated Bi. 
transgenic plant model-Ill {Bt var. aizawai (a) 1500 g/ ha) could bring the population 
below the economic threshold level even after 15 days of application. This trend was 
also seen during 2007-08. 
The performance of various treatments was also e\ aluated on aphids. It was 
found that, imidacloprid, followed by dimethoate and spinosad demonstrated 
maximum reduction in its population after one day of application. As lar as the 
efficacy on Pier is brassicae was concerned, all the treatments were found 
significantly effective over control but simulated Bt transgenic plants (model 111) 
showed the best performance by not allowing any larvae to survive after 15"' day of 
its application. 
The effect of all the treatments was also worked out against the population 
dynamics of coccinellids. It was found that after 15"' day of spray, ail the treatments 
except mycocin and cypermethrin were found statistically insignificant with control. 
Indoxacarb and fipronil however showed their intermediate toxicity. During 2007-08. 
one day after insecticide application, dimethoate was recorded as highly toxic to 
coccinellids, followed by fipronil and spinosad. Indoxacarb and imidacloprid were 
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once again considered to be of intermediate category. While, evaluating the 
performance of these treatments on syrphids; mycocin and cypermethrin were 
regarded as highly toxic treatments, whereas, Bt var. aizawai and Bt isolate were 
found very safe, leaving no deleterious effect on syrphid maggots. 
No detailed observations with respect to impact of various treatments were 
made on Cotesisa plutellae and therefore required further investigations. Under 
unprotected conditions, recovery of cocoons in the fields was however found 
positively correlated with DBM population. 
It was inferred from the literature that most of the research work regarding 
determination of toxicity of insecticides was confined to laboratory (in-vitro) 
condition, so, there might be a possibility of deviation on the performance of 
insecticides under natural condition primarily due to temperature fluctuations vis-a-
vis response of natural insect population and selection pressure. To minimize this 
probable deviation, an experiment was designed to gauge the performance of various 
insecticides and Bt formulations under natural and contained conditions. 
The performance of insecticides was significantly superior in reducing the 
larval population as compared to control. On further exploration, spinosad was found 
to be the most effective treatment followed by indoxacarb. August-5 and fipronil. 
however mycocin and cypermethrin were evaluated as least effective. Under 
contained condition, it was seen that Bt var. aizawai when applied % 1500g/ha 
showed the best performance in reducing the DBM population, after 15 days of 
application. The other best treatments were however found as spinosad followed b\ 
indoxacarb, Bt var. aizawai (@ 1000 g/ha), august-5, fipronil, Bt var. aizawai ((a), 500 
g/ha), mycocin and cypermethrin. 
Various Bt cauliflower and cabbage germplasms (transformed wild species) 
were evaluated for their resistance against DBM. The parameter taken to determine 
the resistance level was based on the leaf damage score ranging from 1.0 to 5.0. The 
following ten germplasms (transformed wild species) GT-01-1. GT-03-1. Gr-81-4, 
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GT-87-3, GT-92-4, GT-111-5. GT-120-5. GT-122-7. GT-129-1 and GT-134-4 were 
graded as highly resistant against DBM, showing leaf damage score of 1.0. 
To determine the resistance level in various Bt transformed cauliflower and 
cabbage wild species against Helicoverpa armigera, leaf disc bioassay method was 
used. In all the replicates of bio-assays, the germplasms GT-81-4 with moderate or 
high level of Cry 1B protein produced 80% mortality to neonate of H. armigera. A 
few other germplasms particularly GT-52-1. GT-56-2, GT-60-2 and GT-61-3 with 
low level of Cry IB protein suffered average 40% defoliation. These germplasms 
severely inhibited larval development and after 96 hours of feeding, all the larvae 
were found dead. 
The residue analysis of indoxacarb. cypermethrin and fipronil was done b> 
employing Gas Liquid Chromatography and for spinosad and imidacloprid High 
Performance Liquid Chromatography method was used after 5. 8 and 15 da\s of spra\ 
of each chemical on cauliflower curd. The residues result confirmed that even after 8 
days of spray, the residue of most of insecticide persisted in curds. The residue of 
imidacloprid in leaves resulting from seedling root dip treatment was detected even 
after 30 days of application. 
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